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Andrew J. Volkmer, M.S. 
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Advisor: Dean E. Eisenhauer 
Infiltration and runoff are hydrologic processes that effect the amount of water available to 
plants, for groundwater recharge, and for stream flow. No-till planting (NT) is a management practice 
used to reduce soil erosion, increase water infiltration, and reduce soil water evaporation, and can 
have great impact on infiltration and runoff. An investigation was conducted to determine the impact 
of NT on infiltration and runoff when compared to tilled conditions. 
 Runoff and precipitation data was gathered from sites at Fillmore County, NE, Phelps 
County, NE, the USDA-ARS North Appalachian Experimental Watersheds (NAEW) near Coshocton, 
OH, and the Lennoxville Research Station (LRS) in Quebec, Canada. Each site consists of at least one 
NT treatment, and one tilled treatment. 
 Average curve numbers (CN) from the NRCS CN method were determined for each site. A 
relationship between annual series and partial duration series (PDS) was developed, and used with a 
standard NRCS method to determine average CN. NT CN was an average of 5 points lower than the 
tilled sites, indicating NT sites had less runoff than the tilled sites. It was also determined that 
experimental CN’s were an average of 6.2 points lower than tilled CN’s published in the NRCS 
National Engineering Handbook. 
 A method was also developed that uses reference hydraulic conductivity (Kref) values in 
conjunction with land-use coefficient (CL) values to determine effective hydraulic conductivity values 
for different tillage types. The resultant effective hydraulic conductivity (Ke) value is used in the 
Green-Ampt equation to model infiltration and runoff depths. Six different methods used to determine 
  
 
 
Kref were evaluated. It was determined that using ROSETTA, WEPP, and Hydrologic Soil Group 
criteria for Kref with CL values resulted in the most accurate prediction of runoff depths at the Phelps 
County, Fillmore County, and NAEW sites. Values for CL were 3-4 times higher for NT than for 
tilled conditions. 
 A comparison was made between using adjusted CN’s for tilled and NT conditions, and the 
CL method with the Green-Ampt equation. The CN method predicted runoff depths more accurately 
at Phelps County, Fillmore County, and NAEW. Using ROSETTA and HSG to determine Kref with 
the CL method produced the most accurate runoff predictions at the two watersheds in Lancaster 
County, NE. 
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CHAPTER 1: INTRODUCTION 
1.1 Introduction 
 Infiltration and runoff are important hydrologic processes in agriculture. Infiltration effects 
the amount of water available for plant use and deep percolation for groundwater recharge. It also 
influences the design of water management systems such as irrigation and drainage. This 
investigation was performed to determine how tillage operations, specifically no-till, play a role in 
infiltration and runoff in row crop agriculture.  
 The type of tillage being studied here is no-till planting. No-till planting (NT) is defined as a 
tillage system where crops are grown in previously undisturbed soil and plant residue is maintained 
on the soil surface year-around (ASABE, 2013). The advancement of herbicides has allowed NT to 
become possible without the need for cultivating for weed control. NT effects row cropped fields in 
many ways, which include an increase in organic matter (Arshad et al., 1990), a reduction in soil 
erosion (Dickey et al., 1984), and a reduction in soil water evaporation (Klocke et al., 2009; Blevins 
et al., 1971). The primary interest here is to study NT’s effect on soil hydraulic parameters, 
specifically NRCS Curve Number (CN) and hydraulic conductivity. 
 Agricultural field hydrology is a complex, dynamic process that involves many variables. 
There are many ways to define the process and its effect on runoff. The type of runoff and overland 
flows presented in the following are best described as “Hortonian”. “Hortonian” runoff is the part of 
rainfall that is not absorbed in the soil by infiltration (Chow, 1988) as a result of rainfall excess. In a 
field, runoff takes the form of sheet flow that accumulates going down a slope, forming concentrated 
flow. Some factors that can affect runoff in an agricultural field are plant interception and depression 
storage from tillage. While it is difficult to define and parameterize factors such as these, models 
using simplified assumptions and parameters have made it possible to estimate runoff depths in 
agricultural fields with a degree of variability. The following research investigates how no-till 
2 
 
 
 
conditions effects parameters used in two runoff models, the NRCS Curve Number method, and the 
Green-Ampt infiltration model. Factors such as plant interception are not directly addressed in the 
two runoff models, but is assumed to be taken account of in the runoff data being used from the field 
sites.  
The sites in this study range from plot scale to field scale in size. With this being so, excess 
precipitation and direct runoff depth were assumed to be equal. Typically, excess precipitation is 
defined as a local runoff depth measured across multiple locations within a field and direct runoff is 
defined as a field average runoff depth measured at the field outlet. However, because smaller fields 
were used and minimal runoff data for NT is available, the assumption of excess precipitation being 
equal to direct runoff was made. 
 The CN is used in the NRCS CN equation developed by the Soil Conservation Service to 
model runoff depth. It has become a common way to estimate stormwater runoff depths. Tabulated 
CN values are available from the NRCS that represent different soil types and land use practices. 
CN’s have been developed for tilled row crops, but CN’s for NT are not well defined. Using runoff 
and precipitation data from four sites across the United States and Canada, CN’s were developed for 
tilled and NT conditions at each site. Different methods for adjusting tilled tabular CN’s for NT data 
were also investigated and compared to measured runoff. 
 Effective hydraulic conductivity (Ke) is a parameter in the infiltration equation developed by 
Green & Ampt (1911) that is used to model runoff depths. Using runoff and precipitation data from 
three sites across the United States, a method was developed using land-use coefficients (CL), based 
off of Nearing et al. (1996), that adjusts reference hydraulic conductivity (Kref) values for tilled and 
NT conditions. The resultant effective hydraulic conductivity (Ke) is used in the Green-Ampt 
equations to model runoff. Six methods used to determine Kref were investigated, and for each method 
a CL was developed. The CL values were used to compare against measured runoff data. 
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   A comparison was made between using tilled tabular CN’s adjusted for NT 
conditions and the CL method. Runoff depths were modeled at several sites using each model, and 
results are compared against observed values. 
 The following two chapters summarize these investigations. Each chapter is written as a 
stand-alone journal paper. 
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CHAPTER 2: CURVE NUMBERS OF HYDROLOGIC SOIL GROUPS B AND C FOR  
LONG-TERM NO-TILL AGRICULTURE 
2.1 Introduction 
 Infiltration and runoff are hydrologic processes that effect the amount of water available to 
plants, for groundwater recharge, and for stream flow. A goal in agriculture has been to minimize 
runoff and maximize infiltration to reduce problems with flooding, erosion, and water quality (Bonta 
& Shipitalo, 2013). Land management practices play a very important role in determining runoff and 
infiltration amounts in agricultural fields (Green et al., 2003). Tillage operation is one land 
management practice that is controlled by agricultural producers. Tillage operations influence soil 
structure (Pagliai et al., 2004), soil organic carbon (Blanco-Canqui et al., 2006; Hao et al. 2002), and 
residue cover (Lampurlanes and Cantero-Martinez, 2004), which in turn effect soil erosion, water 
infiltration, and soil water evaporation. 
 One type of tillage is no-till planting. No-till planting (NT) is defined as a tillage system 
where crops are grown in previously undisturbed soil and plant residue is maintained on the soil 
surface year-around (ASABE, 2013). With the advancement of herbicides, NT has become possible 
to achieve without the need for cultivating for weed control. NT has been proven to effect row 
cropped fields in multiple ways. NT allows for the buildup of residue and microbial activity that leads 
to an increase in organic matter (Arshad et al., 1990).  The increase in residue cover also leads to a 
reduction of soil erosion (Dickey et al., 1984). NT conditions will also reduce soil water evaporation 
(Blevins et al., 1971). 
 While NT has many effects on soil properties, its effect on infiltration and runoff are the 
primary interest in this research. It has been proven in many studies that NT increases infiltration. 
Azooz and Arshad (1996) found that NT on sand and silt loam soils led to higher infiltration than its 
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tilled counterpart. Shukla et al. (2003) discovered that NT watersheds in Ohio have higher infiltration 
rates than tilled watersheds in the same area. 
 The aforementioned characteristics found in NT systems can have a great impact on 
infiltration and runoff, but are not always present directly after switching a field from tilled to NT. 
Obalum and Obi (2010) found that a plot had a lower saturated hydraulic conductivity two years after 
starting NT treatment when compared to tilled conditions. Cases as this have led many to believe it 
takes a certain amount of time of continuous NT treatment to establish characteristics that effect 
infiltration and runoff. Such is the reason why this study investigates NT systems that have been 
established at least 8 years, and consider them to be long-term NT systems. 
There are many reasons why NT soils can have higher infiltration rates than tilled soils. NT 
may allow for the development and maintenance of macropore networks. A macropore is defined as a 
soil pore with a diameter greater than 1.0 mm (Luxmoore, 1981). Earthworm populations in 
undisturbed NT fields are greater than tilled systems (Kladivko et al., 1997). Earthworms can create 
continual macropore networks that can infiltrate high amounts of water (Edwards et al., 1988; 
Shiptalo et al., 1990).  
 Residue cover that is left in place with NT systems slows the flow of surface runoff because 
of increased hydraulic roughness and increases the opportunity time for water to infiltrate into the soil 
(Blevins & Frye, 1993). Residue cover also protects soil from raindrop or sprinkler irrigation impact 
forces that break down soil aggregates at the soil surface and causes a surface seal that decreases 
soil’s ability to infiltrate water (Unger et al., 1991; Tebrugge & During, 1999). Shaver et al. (2006) 
found increasing residue amount promotes greater proportion of macroaggregates that provide 
opportunity for greater “precipitation capture.” NT systems have higher amounts of organic matter 
(Arshad et al., 1990). In many cases, higher organic matter in soils leads to more soil aggregation and 
higher infiltration rates (Boyle et al., 1989).  
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 To quantify and compare the effect of long-term NT systems on infiltration and runoff the 
NRCS Curve Number (CN) was chosen. The CN equation was developed by the Soil Conservation 
Service in the 1950’s to predict stormwater runoff depths in small, ungauged, agricultural watersheds 
for larger design storm events. The CN method has become a common and enduring way to estimate 
storm runoff from rainfall events (Hawkins et al., 2009). Its popularity can be explained in its 
simplicity (Hjelmfelt, 1991). Tabulated CN values are available from the NRCS that represent 
different soil types and land use practices. Despite its simplicity, the CN method has been proven to 
adequately model stormwater runoff when compared to other methods (King et al., 1999; El-Nasr et 
al., 2005). 
CN’s were developed for many land uses, including tilled row crops. CN’s for NT systems 
are still not well defined. Endale et al. (2011) developed an average CN of 57 for a Georgia Piedmont 
catchment managed under long-term NT. This is considerably less than the standard handbook 
average value of 73 assigned to the same catchment for tilled row crops. However, they did not 
present field data from the catchment during tilled conditions. Bonta and Shipitalo (2013) used runoff 
and rainfall data to determine CN values for a NT and tilled watershed at the North Appalachian 
Experimental Watershed (NAEW) near Coshocton, OH. The NT watershed had a CN of 66.3, while 
the tilled watershed had a CN of 90.6. Rawls et al. (1980) found that adding residue cover similar to 
NT conditions can reduce CN by up to 10%. These studies indicate that NT conditions warrant a 
lower CN than tilled conditions. However, Hjelmfelt (1991) found CN’s for NT sites were higher 
than tilled sites. 
These studies are the only found where CN was determined for NT systems. The low number 
of investigations conducted on NT CN can be contributed to the lack of runoff and rainfall data 
available for NT sites. Runoff and rainfall data are needed to perform the necessary calculations to 
determine CN.  
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This investigation uses rainfall and runoff data collected from four different sites in 
Nebraska, Ohio, and Quebec, Canada. Each site has at least one NT system and one tilled system and 
soils fall within Hydrologic Soil Group (HSG) B or C. The objective of this study was to determine 
the effect of long-term NT on CN for row-cropped fields on B and C HSG soils. To accomplish this 
objective a method was developed to determine CN using runoff from a partial-duration rainfall 
series. 
2.2 Methods 
 To determine the average CN at each site, records were collected that indicate depth of 
rainfall or irrigation (P) and runoff (R) for each runoff event. Standard procedures used to determine 
CN’s involve using storms that produce annual peak runoff, or annual series (Hjelmfelt, 1991). Some 
of the sites only consist of a few years of rainfall and runoff data. A series such as this is called a 
partial-duration series (PDS) (Langebein, 1949). A method was developed to relate PDS to annual 
series data. An established method using annual series data was used to determine an average CN for 
each site. 
2.2.1 Field Sites 
 Field sites included a NT and tilled field in Phelps County, NE, a NT and tilled field in 
Fillmore County, NE, a NT and tilled plot in Quebec, Canada, and one tilled and three NT watersheds 
near Coshocton, OH. 
 The first site is located in Fillmore County in southeast Nebraska. The area contains a Crete 
silt clay loam (USDA, 2014) with a slope of 1.0%. The second site is located in Phelps County in 
south central Nebraska. The pair no-till and tilled research fields in Fillmore and Phelps Counties 
were established as part of Nebraska Water and Energy Flux Measurement, Modeling, and Research 
Network (NEBFLUX; Irmak, 2010). This area contains a Holdrege silt loam soil (USDA, 2014) with 
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a slope of 0.4%. The tilled and NT fields at both Nebraska sites are under center-pivot sprinkler 
irrigation. 
Each site at Nebraska contains a tilled and NT field that are less than 3 km from each other. 
Each field is cropped with a two-year corn/soybean rotation. Tilled fields are typically disked in the 
fall after harvest and field cultivated in the spring before planting.  In 2009 a strip tillage operation 
was used on the NT field at Fillmore County. Other than 2009, all fields have had the same tillage 
operation since at least 2001. A summary of each site can be seen in Table 2.1.  
The third site is located at the North Appalachian Experimental Watershed (NAEW) near 
Coshocton, OH. Four different watersheds from this site were used. Watershed characteristics were 
gathered from studies by Shipitalo & Owens (2006), Edwards et al. (1993), and Bonta & Shipitalo 
(2013). Watershed (WS) 123 is a tilled watershed, and WS 113, WS 118, and WS 191 are NT 
watersheds.   
Beginning in 1978, WS 123 has been cropped with a corn/soybean rotation and chisel plowed 
before planting every spring. WS 123 has a 6.6% average slope. Beginning in 1978, WS 113 and WS 
118 have been NT and cropped with a corn/soybean rotation. WS 113 and WS 118 have 8.4% and 
9.0% average slopes, respectively. WS 191 has been cropped with continuous corn and NT since 
1964. WS 191 has an 8.8% average slope. The soils at the NAEW consist of Clarksburg silt loam, 
Keene silt loam, Rayne silt loam, Coshocton silt loam, and Berks silt loam.  
 
 
 
 
 
 
 
   
1
0
 
 
Table 2.1. The site summary at each location. 
Site Tillage Type 
Tillage 
(years) 
Texture  
(0-30cm) Slope 
Runoff area 
size HSG  Crop(s) 
Fillmore County No-Till >7 Silty Clay Loam 1.0% 1.4 m2 C Corn/Soybean+ 
 Fall disk, Spring FC* >>7 Silty Clay Loam 0.9% 1.4 m2 C Corn/Soybean+ 
Phelps County No-Till >7 Silt Loam 0.2% 1.4 m2 C Corn/Soybean+ 
 Fall disk, Spring FC* >>7 Silt Loam 0.5% 1.4 m2 C Corn/Soybean+ 
NAEW WS 123 CP** before planting 14 Silt Loam 6.6% 5544 m2 C Corn/Soybean+ 
NAEW WS 113  No-Till 8 Silt Loam 8.4% 5868 m2 C Corn/Soybean+ 
NAEW WS 118  No-Till 8 Silt Loam 9.0% 7932 m2 C Corn/Soybean+ 
NAEW WS 191  No-Till 13 Silt Loam 8.8% 4856 m2 C Corn 
LRS Fall MP***, Spring Disk 3 Sandy Loam 9.0% 45 m2 B Corn 
  No-Till 3 Sandy Loam 9.0% 45 m2 B Corn 
*field cultivated **chisel plow ***moldboard plow +two year rotation 
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The fourth site is located at the Lennoxville Research Station (LRS) in Quebec, Canada. 
Pesant et al. (1987) performed a runoff study at this location and site data was gathered from this 
literature.  A NT treatment and tilled treatment were applied to a tile-drained Coaticook sandy loam. 
Both plots were cropped with continuous corn. On the NT treatment, corn was directly seeded into an 
alfalfa-timothy sod that had been treated with atrazine. Bonta & Shipitalo (2013) have shown that a 
long-term meadow watershed has similar CN characteristics to a NT watershed, so it was assumed 
that the previous alfalfa-timothy sod on the NT treatments was similar enough to consider NT plots at 
LRS long-term NT. The tilled treatment consisted of moldboard plowing in the fall and disking in the 
spring. Each plot was 3 m wide and 15 m long with an average slope of 9%. Each treatment had three 
plot replications.  
To use the CN method, soils from each site must be placed into one of four Hydrologic Soil 
Group (HSG) classifications. HSG’s are classified based on a soil’s ability to intake and transmit 
water (USDA NRCS, 2009). Soils from the Nebraska and NAEW sites are in HSG C. Soils at the 
LRS site are classified as HSG B. 
Plots used in this study vary in size, ranging from 1.4 m2 to 7,932 m2, causing concern for 
scaling issues that may affect CN. Simanton et al. (1996) show that CN typically decreases 2.2 
units/100 hectares of drainage area. Therefore it was assumed watershed scale to have a negligible 
effect on CN in this study.   
2.2.2 Runoff and Precipitation data 
 To determine a CN for each site, R and P for each runoff event were needed. In this study 
precipitation excess is considered to be the same as runoff depth. The following summarizes how 
runoff and precipitation were collected and determined at each site. 
At the Nebraska sites, runoff was measured using a border collection system shown in Figure 
2.1.  The border collection systems were designed based off of the National Phosphorous Research 
Project specifications (Sharpley & Kleinman, 2003). At each site a 1.83 m long and 0.76 m wide steel 
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frame was driven 15 cm into the soil after spring planting to catch a representative sample of field 
runoff. A 0.10 m wide PVC gutter was installed at the down-hill end of the frame to direct runoff into 
a sump extending 2 meters into the ground. A HOBO Onset U20 Water Level USB logger recorded 
the depth of runoff in the sump. Water level was recorded every two minutes and adjusted for 
barometric pressure changes occurring. A Johnson Pump Model 2270 was used to empty the sump 
when a certain water level was reached to ensure the sump would not overflow.  
 
Figure 2.1. Runoff collection systems used at Nebraska sites. 
Using the levels given by the pressure transducer, a runoff hydrograph and total runoff depth 
were determined for each runoff event. Rainfall and irrigation depths were measured using a tipping 
bucket rain gauge connected to a HOBO data logger. To account for variation between plots, each 
field had three runoff collection systems. For each event a runoff depth was determined by averaging 
R from the three replications. The borders and runoff equipment were removed before harvest in the 
fall. At Fillmore County, R and P was collected from late July-September in 2008, and during May-
September in 2009 and 2010. At Phelps County, R and P was collected from May-September in 2009, 
2010, and 2013. 
 Runoff and precipitation data from the watersheds at NAEW were gathered from the USDA 
ARS Water Database (USDA ARS, 2013). Runoff hydrographs and rainfall hyetographs were 
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recorded for each watershed and uploaded to the database. Runoff from the NAEW watersheds was 
measured using Parshall flumes and H flumes and rainfall data was measured using standard 
weighing bucket rain gauges (Bonta & Shiptalo, 2013). Runoff events from 1978-1992 were used at 
WS 123. Runoff events from 1984-1992 were used at WS 113 and WS 118. At WS 191, runoff 
events from 1979-1992 were used. 
 Runoff and rainfall data from LRS were gathered from Pesant et al. (1987). Runoff was 
collected in a trough located at the downhill end of the plots, and carried by pipe to a sedimentation 
tank where it was measured and R was determined. Unlike the other sites, precipitation hyetographs 
and runoff hydrographs are not available for LRS. 
 Runoff and rainfall events for each site are summarized in Table 2.2. Deck (2010) collected 
all events at Fillmore County and events from Phelps County in 2009 and 2010. For this study only 
events that produced a minimum of 0.01 mm of runoff were used. Irrigation events occurred in the 
months of July and August. 
Table 2.2. Runoff events summary for each site. 
Site 
Runoff 
events 
Irrigation 
Runoff 
Events 
April-June 
Rainfall Runoff 
Events 
July-Sept. 
Rainfall Runoff 
Events 
Rainfall and 
Irrigation 
depths (mm) 
Runoff 
depths 
(mm) 
Fillmore County 
Tilled 
16 5 6 5 13.0-63.5 0.2-18.2 
Fillmore County 
NT 
12 3 5 4 5.1-88.1 0.1-23.7 
Phelps County 
Tilled 
52 13 13 26 2.3-49.0 0.1-17.4 
Phelps County NT 23 6 8 9 8.4-45.5 1.0-21.2 
NAEW WS 123 85 - 40 45 6.9-119.9 0.1-46.1 
NAEW WS 113  37 - 24 13 7.6-109.5 0.04-34.3 
NAEW WS 118  62 - 39 23 6.9-98.8 0.3-37.3 
NAEW WS 191  21 - 13 8 8.4-112.8 0.01-9.2 
LRS Tilled 37 - - - 7.1-68.1 0.2-22.1 
LRS NT 37 - - - 7.1-68.1 0.1-6.4 
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2.2.3 Curve Number Computation 
 The NRCS CN method has been widely used for the computation of runoff from storm events 
since its development by the Soil Conservation Service (SCS) in the 1950’s (Hawkins et al., 2009). 
The biggest reason for its widespread use can be contributed to its simplicity. The equation for CN 
(USDA NRCS, 2009) is: 
𝑃𝑒 =
(𝑃 − 𝐼𝑎)
2
𝑃 − 𝐼𝑎 + 𝑆
    𝑃 > 𝐼𝑎 
𝑃𝑒 = 0      𝑃 ≤ 𝐼𝑎      (2.1) 
where Pe = excess precipitation depth; P = precipitation depth; Ia = initial abstraction; S = potential 
maximum retention depth. In this study Pe=R. Equation 1.1 assumes the following about initial 
abstraction: 
𝐼𝑎 = 𝜆𝑆        (2.2) 
where λ is a constant. Historically, as defined by the SCS, λ=0.2. However, recent research (Hawkins 
et al., 2009) has shown that λ=0.05 defines a more accurate initial abstraction term. This study 
examined both λ=0.2 and λ=0.05. 
The variable S is defined as a function of CN by the following: 
𝑆 =  
25,400
𝐶𝑁
− 254                                             (2.3) 
where S = potential maximum retention (mm).  
CN’s are typically chosen from a table of values made available in Chapter 9 of the NRCS 
Part 630 National Engineering Handbook (USDA NRCS, 2009). CN’s are organized by different 
cover types, land treatments, hydrologic conditions, and Hydrologic Soil Groups (HSG). These CN’s 
are referred to as tabular CN’s. After a CN is chosen for a watershed, Equations 1.1-1.3 are used to 
model R. 
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 There are cover types and land management scenarios in which a CN has not been developed, 
such as the case for NT conditions. A method used in Chapter 5 of NEH Part 630 (USDA NRCS, 
2009) was developed to determine CN’s from runoff and rainfall events. Equations 1.1 and 1.2 can be 
solved simultaneously using the following equation (Schneider & McCuen, 2005): 
𝑆 =
𝑃
𝜆
+
𝑃𝑒(1−𝜆)
2𝜆2
−
1
2𝜆2
[𝑃𝑒(1 − 𝜆)
2 + 4𝜆𝑃𝑃𝑒]
0.5 .                                (2.4) 
Using Equation 2.4, S and CN can be determined for single events with R and P. 
Hjelmfelt (1991) shows that the CN is not a constant, but varies from event to event, and 
therefore S should be treated as a random variable. Hjelmfelt (1991) demonstrated that S values for 
annual maximum peak discharge events are log-normally distributed with the median corresponding 
to Antecedent Runoff Condition II (ARC II), or average watershed condition CN. It is important to 
note that S values used in the frequency distribution are for annual maximum peak discharge events. 
Each year of runoff and rainfall data only contributes one S value when building the frequency 
distribution used to determine the average CN for a watershed. Runoff data series that contain only 
annual maximum peak discharge events are called annual series (Hawkins et al., 2009).  
In previous versions of the CN method, Antecedent Moisture Content (AMC) was used to 
adjust CN’s. AMC conditions were based off of the previous 5-day precipitation. However, Hjelmfelt 
(1991) and Hauser (1991) have shown that there is not a strong correlation between AMC and S. 
Figure 2.2 shows a lack of correlation between S and the previous 5-day precipitation for each event 
from the sites used in this study as well. Therefore, AMC is no longer recognized in the CN method 
(USDA NRCS, 2009). Antecedent runoff conditions (ARC’s) are now used to encompass the 
variability associated with CN’s (USDA NRCS, 2009). ARC’s are divided into three classes. ARC II 
represents average conditions, ARC I represents dry conditions, and ARC III represents wet 
conditions. 
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Figure 2.2. Relationship between S and previous 5-day precipitation for each event. 
Another method developed by Hawkins (1993) to determine CN assumes that CN 
asymptotically approaches a constant as storm size increases. Hawkins (1993) developed curve fitting 
equations for this relationship that can be used to determine a CN using all runoff events. However, 
Hauser & Jones (1991) found the asymptotic method developed by Hawkins (1991) to perform poorly 
in CN prediction on a watershed in the Southern High Plains on short and long runoff records. Hauser 
& Jones (1991) concluded that using the method from Hjelmfelt (1991) performed better with long 
runoff records. Ultimately, the Hjelmfelt (1991) method was used in this study, which is also 
suggested for use by the NRCS in Chapter 5 of NEH Part 630 (USDA NRCS, 2009). 
2.2.4 Log-Normality of S 
To build frequency distributions of S for each watershed using the Hjemfelt (1991) method, S 
must be log-normally distributed. S values for all events at each watershed were checked for log-
normality using the Shapiro-Wilk test in the statistical software SigmPlot Version 11.0 with the 
logarithmic values of S. Table 2.3 shows the results for each site. All sites passed the log-normality 
test except for Phelps County NT, indicating a log-normal distribution as appropriate for S.   
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Table 2.3. Log-normality test on S values using Shapiro-Wilk test. 
Site W-Statistic P Result 
Fillmore Tilled 0.950 0.487 Passed 
Fillmore NT 0.898 0.149 Passed 
Phelps Tilled 0.975 0.345 Passed 
Phelps NT 0.848 0.002 Failed 
NAEW WS 123 0.983 0.246 Passed 
NAEW WS 113 0.989 0.961 Passed 
NAEW WS 118 0.983 0.493 Passed 
NAEW WS 191 0.926 0.081 Passed 
LRS Tilled 0.970 0.408 Passed 
LRS NT 0.980 0.721 Passed 
 
2.2.5 Partial-duration Series to Annual Series 
Annual series require many years of runoff and rainfall records to build a frequency 
distribution. Unfortunately, the availability of runoff and rainfall records for NT watersheds is very 
limited, as described earlier. Instead of using only annual series to determine CN’s for the NT and 
tilled sites, a relationship between annual series and PDS was determined. A PDS uses all runoff 
events above a certain baseline (Langebein, 1949) to build a maximum potential retention frequency 
distribution. Figure 2.3 displays an example from NAEW WS 123 of the difference between using 
annual series and a PDS to build a frequency distribution of S using the Hazen plotting position 
(Haan, 1977). 
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To establish a relationship between annual series and PDS, data from eight different USDA 
experimental watershed sites across the United States with soils similar to the NT sites presented in 
this study were examined. Locations include four watersheds at the NAEW near Coshocton, OH, and 
a watershed each near Treynor, IA, Hastings, NE, Edwardsville, IL, and Lafayette, IN. All eight 
watersheds have agricultural land use and are of similar size to the watersheds used in the NT study. 
Table 2.4 summarizes the characteristics of each watershed. Runoff and rainfall data for runoff events 
were gathered for each watershed from the USDA ARS Water Database (USDA ARS, 2013). From 
each watershed, approximately eight continuous years of runoff data were gathered. This amount was 
Figure 2.3. Example of partial-duration series and annual series at NAEW WS 123. 
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chosen because an average of eight years of NT runoff data was used from the NAEW data from the 
tilled and NT sites.   
Table 2.4. Summary of watersheds used to derive partial-duration series and annual series 
relationship. 
Watershed Location Soil Type 
Area 
(hectares) 
17001 W-1 Edwardsville, IL Silty Clay Loam 11.0 
WS 1H Hastings, NE Silt Loam 1.5 
19001 W-1 Layayette, IN Loam/Silt Loam 1.0 
W-1 Treynor, IA Silt Loam 30.1 
WS 113 Coshocton, OH Silt Loam 0.59 
WS 118 Coshocton, OH Silt Loam 0.79 
WS 123 Coshocton, OH Silt Loam 0.55 
WS 191 Coshocton, OH Silt Loam 0.49 
 
 Using the R and P from the sites, S was determined for each runoff event from each 
watershed. Using S from all events, a PDS was established for each watershed. Exceedence 
probability (F’) distributions were created using Hazen plotting positions. F’ is the complement of the 
cumulative distribution function (F), i.e. F’=1-F. Annual maximum discharge events were also chosen 
at each watershed, and an F’ distribution was created using only the annual series data. Using the 
procedures established by Hjelmfelt (1991), the average S was determined from the annual series 
probability distribution (Sa). The F’ associated with Sa on the PDS probability distribution was 
evaluated. Figure 2.4 illustrates this procedure for the Edwardsville, IL watershed. A PDS F’ value 
was determined for Sa using Equation 2.5: 
𝑧 =
ln 𝑆𝑎−?̅?
𝜎𝑦
      (2.5) 
where z = statistic from the standard table in Microsoft Office Excel for the given watershed; Sa = 
average S (mm) from annual series distribution; ?̅? = mean of ln (S) from the PDS distribution; σy = 
standard deviation of ln (S) from the PDS distribution. With a known z, the F’ value was determined 
using the (NORMDIST) function in Microsoft Office Excel.  
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Figure 2.4. Example of PDS to annual series procedure for Edwardsville, IL watershed. 
 
This procedure was conducted on all eight watersheds for λ=0.2 and λ=0.05. Table 2.5 
displays the results for each watershed. The average F’ of Sa from PDS for λ=0.20 is approximately 
40%. The average F’ of Sa from PDS for λ=0.05 is approximately 50%.  
 
 
 
 
 
F’=40% 
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Table 2.5. Relationship between annual series and partial duration series as a function of λ. 
    PDS F' for equivalent Sa 
Watershed Location λ=0.2 λ=0.05 
17001 W-1 Edwardsville, IL 38% 49% 
WS 1H Hastings, NE 29% 35% 
19001 W-1 Layayette, IN 41% 48% 
W-1 Treynor, IA 34% 46% 
WS 113 Coshocton, OH 32% 38% 
WS 118 Coshocton, OH 48% 61% 
WS 123 Coshocton, OH 46% 54% 
WS 191 Coshocton, OH 34% 38% 
 
After this relationship was established between annual series and PDS, the PDS probability 
distributions were established for the NT and tilled plots at Nebraska, NAEW, and LRS. Using F’= 
40%, the corresponding S was determined for each watershed. The following equation was used to 
determine S at F’=40% from the PDS: 
ln 𝑆(40%) = 𝑧̅𝜎𝑦 + ?̅?      (2.6) 
where S(40%) = S for watershed (mm) from the PDS; 𝑧̅ = statistic from (NORMDIST) function in 
Microsoft Office Excel at F’=40%. The average S for the annual series was then assumed to be equal 
to S(40%) from the PDS. Equation 2.3 was then used to determine an average CN for each watershed. 
It is important to note that this relationship was created using similar soil textures to the 
Nebraska, LRS, and NAEW soils. It is possible that different soil textures might affect the accuracy 
of converting from PDS to annual series CN’s, but this method provides a way to use Hjelmfelt’s 
(1991) method to determine CN for sites lacking precipitation and runoff data.  
2.2.6 Curve Number Evaluation 
Mean CN’s computed for each watershed were evaluated with the observed runoff events 
from the Nebraska, NAEW, and LRS tilled and NT sites. Typically, modeling parameters are 
evaluated using a different data set than used for calibration. However, because lack of runoff and 
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rainfall data for the NT sites, the same events used to calculate the CN were also used to evaluate the 
mean CN. Two NT watersheds in Lancaster County, NE were also evaluated. 
Nash-Sutcliffe efficiency (NSE) (Nash & Sutcliffe, 1970) was used to evaluate the CN 
values: 
𝑁𝑆𝐸 = 1 −
𝛴(𝑅𝑜−𝑅𝑚)
2
𝛴(𝑅𝑜−?̅?𝑜)2
      (2.7) 
where NSE = coefficient of efficiency; Ro = observed runoff depth from rainfall and irrigation events 
(mm); Rm = predicted runoff depth for each event (mm) using CN method; ?̅?𝑜= observed mean runoff 
depth (mm). NSE can range from -∞ to 1. A perfect fit is 1, meaning the modeled runoff matched the 
observed runoff. A negative number indicates the average CN is not better than using the average 
observed runoff values to predict runoff. 
 The root mean squared error was also calculated as a model performance indicator by the 
following equation: 
𝑅𝑀𝑆𝐸 = [
𝛴(𝑅𝑜−𝑅𝑚)
2
𝑛
]
0.5
      (2.8) 
where n = number of runoff events. The smaller the RMSE value, the closer the predicted runoff 
values match the observed runoff values. RMSE has the same units as the observed runoff, which is 
mm. 
 Finally, the percent bias (PBIAS) (Moriasi et al., 2007) was calculated by: 
𝑃𝐵𝐼𝐴𝑆 = [
𝛴(𝑅𝑚−𝑅𝑜)100%
𝛴(𝑅𝑜)
]     (2.9) 
where PBIAS indicates the positive or negative percentage of deviation of the modeled runoff values 
from the observed runoff values. In this study the equation was arranged so a positive value indicates 
the model over-predicted the runoff and a negative value indicates the model under-predicted the 
runoff. 
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2.2.7 Curve Number Optimization 
 Trial and error was used to calibrate the CN values for the NT and tilled watersheds. Using 
observed cumulative runoff depth from each watershed, a single exceedence probability of S was 
determined through optimization that minimized the RMSE between the observed and modeled 
cumulative runoff for each watershed.  
2.2.8 Curve Number Variability 
 Most often in practice, when the CN method is applied the average CN is used in Equation 
1.3 without accounting for the uncertainty associated with the CN. One reason for this is much of the 
data used to develop the original tabular CN’s is not available for the complete analysis (Hawkins et 
al., 2009), and therefore a standard error is not shown in the standard CN tables. To account for the 
expected variability in CN a method developed by Hawkins et al. (1985) was used to develop 10% 
and 90% confidence intervals of the S value for each watershed.  
Hawkins et al. (1985) present equations that determine CN’s associated with Antecedent 
Moisture Condition (now ARC) I and III. Hawkins et al. (1985) and Hjelmfelt (1991) determined that 
S values associated with ARC I and ARC III can be approximated as 10% and 90% confidence 
intervals, respectively. The following equations describe this relationship using CN’s associated with 
S values at ARC I, ARC II, ARC III: 
𝐶𝑁𝐼 =
𝐶𝑁𝐼𝐼
2.281−0.01281𝐶𝑁𝐼𝐼
     (2.10) 
𝐶𝑁𝐼𝐼𝐼 =
𝐶𝑁𝐼𝐼
0.427+0.00573𝐶𝑁𝐼𝐼
    (2.11) 
where CNI = CN associated with S at ARCI or 10% confidence interval of S; CNII = CN associated 
with S at ARCII or 50% confidence interval of S; CNIII = CN associated at AMCIII or 90% confidence 
interval of S. With these equations, CNI and CNIII were determined for each watershed and used to 
express variability in the CN’s used at each watershed. 
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2.2.9 Statistical Analysis 
 Tests for significant differences among ?̅? (mean of ln S) were performed. To perform the 
statistical tests, σy was estimated based on the 10% and 90% confidence intervals (Hjelmfelt, 1991) of 
ln S using the (NORMDIST) function in Microsoft Excel. SigmaPlot Version 11.0 and a p-value of 
0.05 were used for the t-tests.  A one-way analysis of variance was used at NAEW with WS 123 as 
the control because of multiple NT plots.  
2.3 Results and Discussion 
2.3.1 Curve Number Optimization 
 For λ=0.2, an F’ value of 40% results in the minimum RMSE between modeled and observed 
cumulative runoff depths for each watershed. Using λ=0.05, the minimum RMSE between modeled 
and observed cumulative runoff depths occurs at an F’ value of 50%. These findings coincide to the 
F’ values found while developing a relationship between the annual series and PDS and indicates that 
using F’=40% for λ=0.2 and F’=50% for λ=0.05 seems appropriate. 
2.3.2 Curve Number Results for λ=0.2 
 The results for the mean CN determined at each watershed when λ=0.2 are shown in Table 
2.6 and Figure 2.5. Mean CN refers to the CN that corresponds to ?̅?.  All means indicate that NT 
treatments have a lower CN than the tilled treatments. Statistical analysis results shown in Table 2.7 
show significant differences between NT and tilled treatments at all sites except between Fillmore 
tilled and NT, and WS 123 and WS 118 at NAEW. However, the p-value found between WS 123 and 
WS 118 is very close to detection levels. 
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Table 2.6. Mean curve numbers determined for sites when λ =0.2 and F'=40%. Tilled 
conditions for NAEW are from WS 123. 
   NAEW  
 Fillmore County Phelps County WS 113 WS 118 WS 191 LRS 
 CN 
S 
(mm) 
CN 
S 
(mm) 
CN 
S 
(mm) 
CN 
S 
(mm) 
CN 
S 
(mm) 
CN 
S 
(mm) 
Tilled 78.9 67.9 87.1 37.6 79.5 65.5 79.5 65.5 79.5 65.5 80.5 61.5 
NT 76.0 80.2 80.8 60.4 74.1 88.8 76.6 77.6 54.5 212.1 73.4 92.0 
             
 
 
Figure 2.5. Average CN for tilled and NT sites when λ=0.2. 
 
Table 2.7. Statistical difference between tilled and NT ?̅? at p-value=0.05 and λ=0.20 
Site Comparison P-value Significant? 
Fillmore County Tilled vs. NT 0.505 No 
Phelps County Tilled vs. NT 0.004 Yes 
NAEW 
WS 123 Tilled vs WS 113 NT 0.014 Yes 
WS 123 Tilled vs WS 118 NT 0.106 No 
WS 123 Tilled vs. WS 191 NT <0.001 Yes 
LRS Tilled vs. NT 0.009 Yes 
 
At Nebraska the average reduction in CN from tilled to NT is 4.6 points. At LRS the average 
reduction in CN is 7.1 points. At NAEW, the average reduction in CN from tilled to NT is 11 points. 
50
55
60
65
70
75
80
85
90
Fillmore County Phelps County LRS
M
ea
n
 C
u
rv
e 
N
u
m
b
er
Tilled
NT
123 113 118 191 
NAEW 
26 
 
  
However, WS 191 had a much lower CN than the other two watersheds. Excluding WS 191, the 
average reduction in CN at NAEW is 4 points and the average reduction in CN at all sites is 4.9 
points.  
2.3.3 Comparing to other CN Methods 
Tabular CN’s were also determined for each site using the NRCS Part 630 Hydrology 
National Engineering Handbook (USDA NRCS, 2009) table show in Figure 2.6. All sites were 
assumed to be in “good” hydrologic condition and row crops values were used. “Straight row” values 
were used for Nebraska and LRS, and “contoured” values were used for NAEW. The tabular CN’s 
used for the NT watersheds were the “crop residue cover” version of its counterpart. In Figure 2.6 
experimental calculated CN’s are compared to tabular CN’s for each site. For the tilled sites, the 
tabular CN is higher at Fillmore County and NAEW, and lower at Phelps County and LRS. For the 
NT sites, the tabular CN is higher for every site. This trend shows that tabular CN for “crop residue 
cover” will underestimate CN and thus overestimate runoff for NT sites, and indicates the need to 
develop more appropriate CN’s for NT. 
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Figure 2.6. Tabular Curve Numbers from USDA NRCS (2009). 
Experimental calculated CN’s were also compared to other literature studies on CN. Rawls et 
al. (1980) conducted a study to determine the effects of residue cover on CN. In this study a 
relationship was made between percent residue cover and percent reduction in CN. For natural 
rainfall events, as residue cover approaches 100%, CN approaches a 10% reduction in CN. A 
regression was performed on Rawls et al. (1980) data and is shown below: 
𝑃𝑅 = 10.46(1 − 𝑒−0.03589𝑅𝐸𝑆)    (2.12) 
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where PR=percent reduction in CN; RES=percent residue cover. Figure 2.7 shows this regression. 
Knowing past tillage practices and using Shelton et al. (1995) to determine percent residue cover on 
all sites, appropriate CN reductions from tabular data were determined using Equation 2.12 and are 
reflected in Table 2.8. Table 2.8 shows approximate residue cover for each site using the Shelton et 
al. (1995) method. Percent residue cover was also measured in the field at Fillmore and Phelps 
County, and average values between May 2010 and May 2013 are shown in Table 2.9. Despite the 
differences between measured and observed residue amounts, to maintain consistency between sites, 
values from Table 2.8 were used. 
 
Figure 2.7. Rawls et al. (1980) residue reduction of CN. 
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Table 2.8. Residue cover at all sites and CN point reduction as determined by Rawls et al. (1980). 
Site 
Tabular 
CN 
 Residue Cover 
(%) 
Tabular CN 
reduction 
Adjusted 
CN 
Fillmore County tilled 85 14 3.3 81.7 
Fillmore County NT 85 70 8.1 76.9 
Phelps County tilled 85 13 3.1 81.9 
Phelps County NT 85 79 8.2 76.8 
NAEW WS 123 tilled 82 10 2.4 79.6 
NAEW WS 113 NT 82 70.4 7.8 74.2 
 NAEW WS 118 NT 82 70.4 7.8 74.2 
NAEW WS 191 82 70.4 7.8 74.2 
LRS tilled 78 4 1.0 77.0 
LRS NT 78 80.8 7.5 70.5 
  
Table 2.9. Average observed residue cover at Nebraska sites. 
Site Observed Residue Cover (%) 
Fillmore County tilled 25 
Fillmore County NT 79 
Phelps County tilled 21 
Phelps County NT 92 
 
Figure 2.9 compares the CN point reduction from tilled to NT from several studies. WS 123 
is compared to WS 113, WS 118, and WS 191 at NAEW. For the most part, the Rawls et al. (1980) 
residue method has greater reduction in CN than the experimental results, but are still within a 
reasonable range of each other.  
Bonta & Shipitalo (2013) conducted a study on WS 191 at NAEW comparing tilled and NT 
CN. Using the asymptotic method developed by Hawkins (1993), Bonta & Shipitalo (2013) found an 
average CN of 66.3 for WS 191 over a 43 year time period. Despite the small difference between the 
experimental average CN and Bonta & Shipitalo’s (2013) CN for WS 191, Bonta & Shipitalo (2013) 
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found a point reduction in CN between tilled and NT of 24.3 points at WS 191. This is very similar to 
the reduction of 25.1 points between tilled and NT at WS 191 found in this study. Excluding WS 191, 
typical CN reductions ranged from 3-7 points on the NT sites in this study. 
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Figure 2.8. Curve numbers for tilled (top) and NT (bottom) sites compared to tabular values. Tabular 
values for NT are for “crop residue cover” conditions and λ=0.2. 
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Figure 2.9. Reduction in CN from tilled to NT from experimental data, tabular data, and past studies 
when λ=0.2. 
 
2.3.4 Curve Number Results for λ=0.05 
 The results for the average CN determined in each watershed when λ=0.05 are shown in 
Table 2.10. Table 2.11 shows that NT and tilled S values are significantly different. At Nebraska the 
average reduction in CN from tilled to NT is 7.9 points. At LRS the average reduction in CN is 15.7 
points. At NAEW, the average reduction in CN from tilled to NT is 21 points. However, WS 191 has 
a much lower CN than the other two watersheds. Excluding WS 191, the average reduction in CN at 
NAEW is 10.9 points. The average reduction in CN between all NT and tilled sites is 15.8 points. 
Excluding WS 191, the average reduction in CN at all sites is 10.6 points. Figure 2.10 shows the 
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difference between λ=0.05 and λ=0.2 CN values. Using λ=0.05 causes CN values to be much lower. 
On average, the CN for λ=0.05 is reduced by 11.4 points compared to using λ=0.2, and the trend in 
point reduction is not the same for each watershed. A more detailed discussion on λ is presented later. 
 
Table 2.10. Mean CN’s determined for sites when λ=0.05 and F'=50%. Tilled conditions for 
NAEW are from WS 123. 
   NAEW  
 Fillmore County Phelps County WS 113 WS 118 WS 191 LRS 
 CN 
S 
(mm) 
CN 
S 
(mm) 
CN 
S 
(mm) 
CN 
S 
(mm) 
CN 
S 
(mm) 
CN 
S 
(mm) 
Tilled 69.1 113.6 82.9 52.4 71.8 99.8 71.8 99.8 71.8 99.8 71.7 100.3 
NT 63.8 144.1 72.5 96.3 59.8 170.7 62.0 155.7 30.5 578.8 56.0 199.6 
 
Table 2.11. Statistical difference between tilled and NT at p-value=0.05 and λ=0.05. 
Site Comparison 
P-
value Significant? 
Fillmore County Tilled vs. NT 0.341 No 
Phelps County Tilled vs. NT <0.001 Yes 
NAEW 
WS 123 Tilled vs WS 113 NT <0.001 Yes 
WS 123 Tilled vs WS 118 NT <0.001 Yes 
WS 123 Tilled vs. WS 191 NT <0.001 Yes 
LRS Tilled vs. NT <0.001 Yes 
  
  
3
4
 
 
Figure 2.10.  Comparison of Mean CN when λ=0.2 and λ=0.05
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2.3.5 Curve Number Modeling Performance 
 Figure 2.11 and 2.12 show the modeling results for the tilled and NT sites using the CN’s 
experimentally calculated from these watersheds. NSE values for both tilled and NT are greater than 
zero, indicating adequate models. The PBIAS values indicate that the tilled CN’s tend to under-
predict runoff, while the NT CN’s over- predict runoff.    
 
Figure 2.11. Observed and modeled runoff events for tilled sites using experimental CN at λ =0.2. 
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Figure 2.12. Observed and modeled runoff events for NT sites using experimental CN at λ =0.2. 
2.3.6 Adjusting Tabular Tilled CN’s for NT Conditions 
Given the results from these sites, methods used to adjust tabular tilled CN’s for NT 
conditions to see which most accurately model runoff on the sites were investigated. WS 191 was 
excluded from this analysis because of its extremely low observed runoff values that result in poor 
model performance. This will be discussed in greater detail later on. 
The first method uses tabular adjusted values. At each site a tabular CN was determined for 
the tilled condition. The difference between the tabular tilled CN and experimental NT CN was 
determined. The difference between the two CN’s was averaged across all the sites. The resultant 
average was used to reduce the tabular tilled CN at each site and used to model runoff for each NT 
site. The tabular tilled CN was used to model runoff on the tilled sites. The average difference 
between tabular tilled CN’s and experimental NT CN’s is 6.2 points and was used to reduce the 
tabular tilled values. This method is referred to as tabular tilled adjusted CN’s 
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The second method uses the study conducted by Rawls et al. (1980) that reduces CN based on 
residue amounts. As explained earlier, a regression was conducted on Rawls et al. (1980) results. 
With known and estimated residue amounts at each site, reductions from the tabular tilled CN’s were 
determined. Table 2.8 shows reductions taken at each site using this method. 
The final method uses tabular values for the tilled sites and “residue cover” tabular values at 
the NT sites. Values for these CN’s were presented earlier in Figure 2.8. 
Table 2.12 shows the cumulative observed and modeled runoff depth for each method. Table 
2.13 shows the mean CN, the CN’s at 10% and 90% confidence intervals of S, and the model 
performance for each method. The percentage of observed runoff events that are not within the 
modeled runoff of the 10% and 90% confidence intervals of S (CIout) was also determined. Both 
tables include results for using experimental values for CN.  
The two best CN methods that model runoff are the tabular tilled adjusted method and Rawls 
et al. (1980) residue method. Figures 2.13 and 2.14 show measured and observed runoff for tilled and 
NT using the handbook adjusted method and the Rawls et al. (1980) residue methods. Figures 2.15 
and 2.16 use the Phelps NT site to show an example of the modeled R with P using the average CN, 
and the CN at the 10% and 90% confidence interval of S. The tabular tilled adjusted method and 
Rawls et al. (1980) are both shown in these figures. Observed runoff events are also shown in these 
figures. 
  Results show that the Rawls et al. (1980) residue method to determine CN models runoff 
slightly better than tabular tilled adjusted CN’s. However, while the tabular tilled adjusted CN’s have 
a lower NSE value, the PBIAS is closer to zero, indicating less bias is occurring with this method. 
Overall, both of these methods used to determine CN adequately models runoff for these sites. Table 
2.12 also indicates that both methods reasonably predicted cumulative runoff. Despite the adequacy 
of these models, Figures 2.15 and 2.16 show a significant amount of variability exists using these 
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CN’s to model runoff events. At Fillmore County, 30% of observed runoff events were not within the 
10% and 90% confidence intervals for CN. 
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Table 2.12. Observed and measured cumulative runoff for different CN methods. 
Site 
Number 
of 
Events 
CN Method CN 
Observed 
Cumulative 
Runoff (mm) 
Modeled 
Cumulative 
Runoff (mm) 
Fillmore 
County 
tilled 
12 
Experimental 78.9 
103 
108 
Tabular tilled adjusted 85 170 
Rawls et al. (1980) residue 81.7 133 
Handbook "residue cover" - - 
Fillmore 
County 
NT 
16 
Experimental 76.0 
74 
64 
Tabular tilled adjusted 78.8 81 
Rawls et al. (1980) residue 76.9 69 
Handbook "residue cover" 82 105 
Phelps 
County 
tilled 
52 
Experimental 87.1 
270 
233 
Tabular tilled adjusted 85 180 
Rawls et al. (1980) residue 81.9 120 
Handbook "residue cover" - - 
Phelps 
County 
NT 
23 
Experimental 80.8 
75 
73 
Tabular tilled adjusted 78.8 58 
Rawls et al. (1980) residue 76.8 45 
Handbook "residue cover" 82 84 
NAEW 
WS 123 
tilled 
85 
Experimental 79.5 
779 
697 
Tabular tilled adjusted 82 838 
Rawls et al. (1980) residue 79.6 702 
Handbook "residue cover" - - 
NAEW 
WS 113 
NT 
37 
Experimental 74.1 
210 
195 
Tabular tilled adjusted 75.8 223 
Rawls et al. (1980) residue 74.2 197 
Handbook "residue cover" 81 332 
NAEW 
WS 118 
NT 
62 
Experimental 76.6 
288 
288 
Tabular tilled adjusted 75.8 269 
Rawls et al. (1980) residue 74.2 234 
Handbook "residue cover" 81 419 
LRS tilled 37 
Experimental 80.5 
147 
187 
Tabular tilled adjusted 78 148 
Rawls et al. (1980) residue 77 135 
Handbook "residue cover" - - 
LRS NT 37 
Experimental 73.4 
53 
94 
Tabular tilled adjusted 71.8 79 
Rawls et al. (1980) residue 70.5 68 
Handbook "residue cover" 75 110 
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Table 2.13. Model evaluation for different CN methods on tilled and NT sites. 
Site CN Method CN CN10% CN90% NSE 
RMSE 
(mm) 
PBIAS 
(%) 
CIout 
(%) 
Fillmore County 
tilled 
Experimental 78.9 62.1 89.8 -0.05 7.2 4.5 19 
Tabular tilled adjusted 85 71.3 93.0 -1.1 10.2 65 13 
Rawls et al. (1980) residue 81.7 66.2 91.3 -0.40 8.3 29 19 
Fillmore County 
NT 
Experimental 76.0 58.1 88.1 0.01 6.2 -14 8 
Tabular tilled adjusted 78.8 62.0 89.7 -0.15 6.7 9.6 8 
Rawls et al. (1980) residue 76.9 59.3 88.6 -0.02 6.3 -6.6 8 
Handbook "residue cover" 82 66.6 91.4 -0.60 7.9 42 17 
Phelps County 
tilled 
Experimental 87.1 74.7 94.1 -0.52 5.7 -14 29 
Tabular tilled adjusted 85 71.3 93.0 -0.49 5.7 -33 37 
Rawls et al. (1980) residue 81.9 66.5 91.4 -0.59 5.9 -56 46 
Phelps County 
NT 
Experimental 80.8 64.9 90.8 0.06 3.9 -1.9 30 
Tabular tilled adjusted 78.8 62.0 89.7 0.12 3.8 -23 30 
Rawls et al. (1980) residue 76.8 59.2 88.6 0.10 3.8 -40 30 
Handbook "residue cover" 82 66.6 91.4 -0.03 4.1 13 26 
NAEW WS 123 
tilled 
Experimental 79.5 63.0 90.1 0.47 7.4 -11 24 
Tabular tilled adjusted 82 66.6 91.4 0.39 7.9 7.5 20 
Rawls et al. (1980) residue 79.6 63.1 90.1 0.47 7.4 -9.9 24 
NAEW WS 113 
NT 
Experimental 74.1 55.6 87.0 0.41 6.4 -7.0 20 
Tabular tilled adjusted 75.8 57.9 88.0 0.36 6.7 6.4 17 
Rawls et al. (1980) residue 74.2 55.8 87.1 0.41 6.4 -6.3 20 
Handbook "residue cover" 81 65.1 90.9 -0.04 8.6 58 15 
NAEW WS 118 
NT 
Experimental 76.6 58.9 88.5 0.62 5.4 0.2 16 
Tabular tilled adjusted 75.8 57.9 88.0 0.63 5.3 -6.6 19 
Rawls et al. (1980) residue 74.2 55.8 87.1 0.64 5.2 -19 20 
Handbook "residue cover" 81 65.1 90.9 0.45 6.5 45 13 
LRS tilled 
Experimental 80.5 64.4 90.6 -1.7 7.3 27 27 
Tabular tilled adjusted 78 60.9 89.3 -1.2 6.6 0.7 32 
Rawls et al. (1980) residue 77 59.5 88.7 -1.0 6.4 -8.5 32 
LRS NT 
Experimental 73.4 54.7 86.6 -3.6 3.9 76 14 
Tabular tilled adjusted 71.8 52.7 85.6 -2.6 3.4 48 22 
Rawls et al. (1980) residue 70.5 51.2 84.8 -1.9 3.1 28 22 
Handbook "residue cover" 75 56.8 87.5 -5.0 4.4 107 14 
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Figure 2.13. Observed and modeled runoff events for tilled and NT using tabular tilled adjusted CN 
excluding WS 191 when λ=0.2.  
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Figure 2.14. Observed and modeled runoff events for NT and tilled sites using Rawls et al. (1980) 
residue to reduce CN when λ=0.2. 
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Figure 2.15. Observed runoff events and modeled runoff using tabular tilled adjusted CN at Phelps 
County NT when λ=0.2. 
 
Figure 2.16. Observed runoff events and modeled runoff using Rawls et al. (1980) residue adjusted 
CN's to reduce CN at Phelps County NT when λ=0.2. 
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 The “residue cover” handbook CN’s resulted in poor prediction of runoff for these sites. 
These results emphasize that CN’s need to be continually developed for long-term NT and “residue 
cover” handbook CN’s do not suffice as replacements for NT CN’s. 
2.3.7 Model Validation with Roger’s Memorial Farm Watershed 
 For an independent NT data set, rainfall and runoff depths at two NT watersheds in southeast 
Nebraska were predicted using tabular tilled adjusted CN’s and Rawls et al. (1980) residue adjusted 
CN’s. The two watersheds are located at the University of Nebraska-Lincoln Roger’s Memorial Farm 
in Lancaster County, NE. Table 2.14 summarizes the properties at these watersheds including tabular 
CN’s for tilled conditions. Web Soil Survey (USDA NRCS, 2014) was used to determine watershed 
properties. Roger’s Farm South (RFS) is a terraced, NT field with a two-year corn/soybean rotation. 
Roger’s Farm North (RFN) is a contoured, NT field with stiff grass hedges in place of terraces that is 
cropped with a two-year grain sorghum/soybean rotation. Both watersheds have been continuous NT 
for over 20 years. Three-foot H-flumes were installed in the summer of 2012 at the outlet of each 
watershed to determine runoff. Rainfall was measured using a Teledyne ISCO 6712 sampler and 
tipping bucket rain gauge. Table 2.14 also displays tabular CN’s for tilled conditions, tabular CN’s 
reduced 6.2 points for NT conditions, and CN’s determined from Rawls et al. (1980) residue 
reduction. 
Table 2.14. Roger's Memorial Farm watershed properties. 
Site RFS RFN 
Area (acres) 13.85 13.09 
% Slope 4.66 3.8 
% Sand 3 3 
% Silt 63.7 63.7 
% Clay 33.3 33.3 
Bulk Density (g/cm3) 1.35 1.35 
Organic Matter (%) 3.17 3.15 
Soil Type Aksarben silt clay loam Aksarben silt clay loam 
Tabular tilled CN 78 82 
Adjusted CN for NT 71.8 75.8 
Rawls et al. (1980) residue CN 70.5 74.1 
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 Using tabular tilled adjusted CN’s and Rawls et al. (1980) residue CN’s from Table 2.14, 
runoff was modeled using the CN method. Results are shown in Figures 2.17 and 2.18. These two 
methods for CN adequately modeled runoff. Using Rawls et al. (1980) residue reduction resulted in 
the best modeling results. Figure 2.19 shows the variability associated with using the Rawls et al. 
(1980) residue reduction method at the RFN watershed. All observed runoff events fall within the 
10% and 90% confidence interval of S. 
 
Figure 2.17. Observed and modeled runoff at Roger's Memorial Farm using tabular adjusted CN's 
when λ=0.2. 
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Figure 2.18. Observed and modeled runoff at Roger's Memorial Farm using Rawls et al. (1980) 
residue CN's when λ=0.2. 
 
Figure 2.19. Modeled runoff using Rawls et al. (1980) residue adjustment at RFN when λ=0.2. 
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2.3.8 Effect of λ 
Using different λ values to calculate CN for these sites had a great impact on modeling runoff 
depths. Figure 2.20 and 2.21 show observed and modeled runoff events for the tilled and NT sites 
using experimental CN when λ=0.05. Model performance results are shown in these figures as well. 
Comparing Figure 2.20 and 2.21 to Figure 2.11 and 2.12, it is apparent that using λ=0.05 models 
runoff more accurately than using λ=0.2. Using λ=0.05 also causes the CN model to over-predict 
runoff slightly, while using λ=0.2 causes the model to under-predict runoff. This occurs because using 
λ=0.05 assumes less initial storage, and therefore more runoff will be modeled for smaller events. 
Hawkins and Khojeini (2000) found similar results and recommended using λ=0.05 when using the 
NRCS CN method. Using a lower λ value results in more runoff events from sampled data, and 
causes smaller precipitation events to produce modeled runoff amounts. In reality, many of the 
smaller precipitation events produce runoff. The USDA NRCS recognizes the need to change λ from 
the traditional 0.2 and is working to implement this into practice (Hawkins and Khojeini, 2000). 
However, λ=0.2 is imbedded in all previous CN tables and literature, and changing it will be a large 
undertaking.  
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Figure 2.20. Observed and modeled runoff events for tilled sites using experimental CN and λ=0.05. 
 
Figure 2.21. Observed and modeled runoff events for NT sites using experimental CN and λ=0.05. 
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2.3.9 WS 191 
 The experimental CN for NT WS 191 at NAEW is much lower when compared to WS 113 
and WS 118, and has an extremely large point reduction from its tilled counterpart, WS 123. 
Therefore WS 191 was not used when comparing different methods to reduce handbook CN’s for NT. 
Bonta & Shipitalo (2013) and Edwards (1988) attribute the large difference in infiltration and runoff 
between watersheds to macropore networks resulting from high earthworm populations. The factor 
that appears to effect earthworm populations the most in this case is manure application (Humberto, 
personal communication, 2013). WS 191 had manure applied to its surface for 16 years (Hao et al., 
2003) prior to and during this investigation, while WS 113 and WS 118 did not have manure applied. 
Manure applications can cause high earthworm populations (Haynes and Nadu, 1998). Earthworms 
create surface-connected macropore networks that increase infiltration and reduce experimental CN 
values. When assessing the CN for WS 191, it is important to understand that not all NT sites have 
such a drastic reduction in CN compared to tilled sites. Therefore, when choosing how much to 
reduce CN due to NT conditions, a decision needs to be made whether to include WS 191’s impact on 
CN reduction or not. 
2.4 Summary and Conclusions 
 A study was conducted to determine the effects of long-term NT on CN at four different sites 
with HSG’s B and C. A relationship between PDS and annual series data sets was established because 
of minimal annual series data at some of the sites. It was determined that an F’ value of 40% and 50% 
can be used for PDS data when λ=0.2 and λ=0.05, respectively. Using the PDS/annual series 
relationship results, mean CN’s were calculated for the NT and tilled treatments at each site. NT CN 
values were all lower than their tilled counterpart. Excluding WS 191, average CN reduction was 4.9 
and 10.6 points when λ=0.2 and λ=0.05, respectively. Using experimentally determined CN’s for 
each watershed, runoff was modeled and compared to observed values and modeling efficiencies 
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were determined. Different methods used to reduce handbook tilled CN’s for NT were investigated 
and it was determined that using the Rawls et al. (1980) residue CN reduction and reducing tabular 
handbook CN’s by 6.2 points were the best methods to adjust CN’s for NT.  Finally, it was 
determined that using λ=0.05 in the CN equation produces better model results than using λ=0.2. 
Overall, NT conditions can significantly reduce CN, and is a land management practice that can be 
used to reduce runoff depths. 
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CHAPTER 3: HYDRAULIC CONDUCTIVITY LAND USE COEFFICIENTS FOR NO-TILL 
AND TILLED ROW CROPS 
3.1 Introduction 
 Infiltration and runoff are important hydrologic processes in agriculture. Infiltration effects 
the amount of water available for plant use and deep percolation for groundwater recharge. It also 
influences the design of water management systems such as irrigation and drainage. This study was 
performed to determine how tillage operations, specifically no-till, play a role on infiltration and 
runoff in row crop agriculture.  
 The type of tillage being studied here is no-till planting. No-till planting (NT) is defined as a 
tillage system where crops are grown in previously undisturbed soil and plant residue is maintained 
on the soil surface year-around (ASABE, 2013). The advancement of herbicides has allowed NT to 
become possible without the need for cultivating for weed control. NT effects row cropped fields in 
many ways, which include an increase in organic matter (Arshad et al., 1990), a reduction in soil 
erosion (Dickey et al., 1984), and a reduction in soil water evaporation (Klocke et al., 2009; Blevins 
et al., 1971). The primary interest here is to study NT’s effect on soil hydraulic properties, 
specifically hydraulic conductivity. 
 The effect NT, or any tillage operation, has on runoff and infiltration is very complex because 
of the multiple soil characteristics effected by tillage operation. Loague & Freeze (1985) state that it 
is impossible to define how many variables must be known to predict how different tillage operations 
effect soil hydrology. However, modeling allows us to use simplified equations and assumptions to 
predict runoff and infiltration with some uncertainty. Most infiltration models use quantifiable 
variables that simplify the complexities of the soil and water interface. Knowing how different tillage 
operations effect these parameters will allow for comparison of the effect of tillage on infiltration and 
runoff.  
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 Saturated hydraulic conductivity (Ks) is a parameter in the infiltration equation developed by 
Green & Ampt (1911) and is the parameter focused on in this study. The Green-Ampt equation is an 
approximate model for infiltration based on Darcy’s equation and continuity through porous material 
(Nearing et al., 1996). Green & Ampt (1911) first applied the equation to a ponded surface with a 
homogenous profile (Radcliffe & Simunek, 2010). This equation assumes a sharp piston-type wetting 
front. Mein and Larson (1973) presented a method for applying the Green-Ampt Equation to steady 
rainfall and Chow et al. (1988) presented methods to use the Green-Ampt equation in unsteady 
rainfall. Recently the Green-Ampt equation has become a common equation used to predict 
infiltration in operational models such as HEC-HMS (US Army Corps of Engineers, 2010) because it 
accounts for rainfall intensity. 
 Risse et al. (1994) and Nearing et al. (1996) both used a term called effective conductivity 
(Ke) in a single layer Green-Ampt model to account for the effects of surface conditions, such as 
crusting, and other structural factors such as preferential flow into macropores. When using the 
Green-Ampt equation, infiltration is very sensitive to Ke (Nearing et al., 1990; Kincaid & Lehrsch, 
2001). This makes Ke an important parameter to make comparisons between different tillage 
practices. Ke is sometimes determined by using ring infiltrometers in the field or using standard 
methods in the lab. When using these standard methods, Ke is known as Ks because it is usually 
determined with ponded water on the surface. These methods may not result in representative values 
of Ke because of possible soil disturbance (Ankeny et al., 1991) or the impact of the imposed 
boundary conditions on the flow system. For example Langhans et al. (2011) have shown that Ke is 
dependent on the rainfall intensity, with large values of Ke for higher intensities. This can occur 
because as higher intensities occur, more flow conducting macropores are activated, resulting in a 
larger contributing area of infiltration within the boundary conditions. 
 Another method to determine Ke is to use rainfall hyetographs and runoff hydrographs in an 
inverse solution of the Green-Ampt equation. When using this method, Ke is known as “effective” 
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hydraulic conductivity (Nearing et al., 1996) because it is the conductivity that generates runoff under 
rainfall or sprinkler irrigation. Ke is also a spatially averaged hydraulic conductivity because it is 
determined from runoff in a defined area. Using rainfall and runoff to find Ke is proven to outperform 
other methods for determining Ke (Risse et al., 1994).  
All of the previously mentioned methods to determine Ke or Ks can be time consuming and 
expensive. For this reason pedo-transfer functions are often used to estimate Ke or Ks. Pedo-transfer 
functions use more easily measured soil physical properties, e.g. percent sand, silt, and clay, to 
estimate Ke. Such functions are very useful, but most do not account for tillage operation influence, 
the effect of surface sealing, nor the effect of flow in macropores and the potential interactions with 
intensity.  
In this paper the concept of using a “land-use coefficient” that in an approximate way can 
account for tillage practice, soil surface conditions, and near soil surface properties such as soil crusts, 
macropores, and surface protection by residues is introduced. Land-use coefficients can be used to 
adjust Ke to account for tillage operation. A land-use coefficient is defined by the following equation: 
𝐾𝑒 = 𝐶𝐿𝐾𝑟𝑒𝑓      (3.1) 
where Ke=effective hydraulic conductivity; CL=the land-use coefficient; Kref= a reference saturated 
hydraulic conductivity. CL is meant to encompass the effect of tillage practices on many factors such 
as surface sealing, macroporosity, and soil structure. Nearing et al. (1996) used runoff and 
precipitation data to develop ratios similar to CL that adjust Ke from fallow conditions to the Ke for 
different tillage types, and found that conservation tilled row crops need to be adjusted to slightly 
higher Ke values compared to tilled row crops.  Nearing et al. (1996) did not present a land-use 
coefficient for NT row crops.   
Many studies have been conducted to determine the effects of NT on Ke, Ks, and infiltration. 
Fuentes et al. (2004) found that Ks on NT plots was larger near the soil surface when compared to 
tilled soils in the Palouse region of Washington. Edwards et al. (1988) discovered that macropores 
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caused by earthworms in a NT watershed near Coshocton, OH increased infiltration considerably. A 
study conducted by Azooz & Arshad (1996) determined that long-term NT had greater infiltration 
rates and higher Ks values than conventionally tilled soils in silt loam and sandy loam soils. They 
attributed their results to undisturbed soil pore structure and the continuity of macropores induced by 
NT conditions. Williams et al. (2009) reported smaller runoff amounts in a NT watershed when 
compared to a tilled watershed in northeastern Oregon. Increased macropore continuity (Shiptalo et 
al., 1990), residue cover that protects bare soil from crusting (Unger et al., 1991), and improved soil 
structure and aggregation (Shaver et al., 2006) are many of the reasons that NT increases Ks and 
infiltration. 
 However, other studies have found that NT conditions have lower Ks values and decreases 
infiltration (Obalum & Obi, 2010) compared to tilled soils. The results can be credited to the method 
of acquiring Ks, the length of time since NT has been instituted, or the elapsed time between a tillage 
operation and the time that measurements of Ks were taken. 
Many comparisons have also been made between using the Green-Ampt equation and the 
NRCS Curve Number (CN) method to model runoff depths. The CN method is a more commonly 
used for predicting runoff, but there are many documented shortcomings (Hawkins et al., 2009). 
Rawls & Brakensiek (1986) found that the Green-Ampt model predicted runoff volumes with less 
bias and slightly more accurately than the CN method. King et al. (1999) found that the Green-Ampt 
model predicted runoff with higher accuracy for daily and annual runoff, but the CN method had 
better results when modeling monthly runoff. However, King et al. (1999) also found that the Green-
Ampt method predicted closer to the mean runoff, but had more variability when compared to the CN 
method. 
This investigation uses rainfall, irrigation, and runoff data collected from three different sites 
in Nebraska and Ohio to compute Ke values using an inverse of the Green-Ampt equation. Each site 
has at least one NT system and one tilled system. The objectives of this study are to develop land use 
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coefficients that can be used in conjunction with reference hydraulic conductivities to determine 
effective hydraulic conductivities for tilled and NT conditions, determine the most appropriate 
method for determining Kref, and to compare the CL method to the NRCS Curve Number method for 
modeling runoff. 
3.2 Methods 
 To develop CL values for NT and tilled systems, Ke and Kref values were determined at each 
site. Rainfall or irrigation hyetographs and runoff hydrographs were collected for each runoff event at 
each site. Ke was determined for each event and at each site. Kref is intended to be a reference value 
that is influenced by soil physical properties, e.g. percent sand, silt, and clay, organic matter, and bulk 
density, but not tillage practice. Six methods, discussed later, for determining Kref were tested in this 
study. Using Ke and Kref, CL was determined for each tillage type. Runoff events were modeled using 
a Kref value adjusted with CL. Nash Sutcliffe efficiencies, root mean square error, and percent bias 
were found for each site and used to determine the most appropriate CL and Kref when modeling tilled 
and NT applications. 
3.2.1 Field Sites 
 Field sites include a NT and tilled field in Phelps County, NE, a NT and tilled field in 
Fillmore County, NE, and one tilled and three NT watersheds near Coshocton, OH. 
 The first site is located in Fillmore County in southeast Nebraska. The area contains a Crete 
silt clay loam (USDA, 2014) with a slope of 1.0%. The second site is located in Phelps County in 
south central Nebraska. This area contains a Holdrege silt loam soil (USDA, 2014) with a slope of 
0.4%. The tilled and NT fields at both Nebraska sites are under center-pivot sprinkler irrigation. 
Each site at Nebraska contains a tilled and NT field that are less than 2.5 km from each other. 
Each field is cropped with a two-year corn/soybean rotation. Tilled fields are typically disked in the 
fall after harvest and field cultivated in the spring before planting.  In 2009 a strip tillage operation 
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was used on the NT field at Fillmore County. Other than 2009, all fields have had the same tillage 
operation since at least 2001. A summary of each site can be seen in Table 3.1. 
The third site is located at the North Appalachian Experimental Watershed (NAEW) near 
Coshocton, OH, which was operated by the USDA-ARS. Four different watersheds from this site 
were used. Watershed characteristics were gathered from studies by Shipitalo & Owens (2006), 
Edwards et al. (1993), and Bonta & Shipitalo (2013). Watershed (WS) 123 is a tilled watershed, and 
WS 113, WS 118, and WS 191 are NT watersheds.  Beginning in 1978, WS 123 has been cropped 
with a corn/soybean rotation and chisel plowed before planting every spring. WS 123 has a 6.6% 
average slope. Since 1978, WS 113 and WS 118 have been NT and cropped with a two-year 
corn/soybean rotation. WS 113 and WS 118 have 8.4% and 9.0% average slopes, respectively. WS 
191 has been cropped with continuous corn and NT since 1964. WS 191 has an 8.8% average slope. 
The soils at the NAEW are Clarksburg silt loam, Keene silt loam, Rayne silt loam, Coshocton silt 
loam, and Berks silt loam. 
 
 
   
6
1
 
 
Table 3.1. The site summary at each location. 
Site Tillage Type 
Tillage 
(years) Texture Slope 
Runoff area 
size Crop(s) 
Fillmore County No-Till >7 Silty Clay Loam 1.0% 1.4 m2 Corn/Soybean+ 
 Fall disk, Spring FC** >>7 Silty Clay Loam 0.9% 1.4 m2 Corn/Soybean+ 
Phelps County No-Till >7 Silt Loam 0.2% 1.4 m2 Corn/Soybean+ 
 Fall disk, Spring FC** >>7 Silt Loam 0.5% 1.4 m2 Corn/Soybean+ 
NAEW WS 123 CP* before planting 14 Silt Loam 6.6% 5544 m2 Corn/Soybean+ 
NAEW WS 113  No-Till 8 Silt Loam 8.4% 5868 m2 Corn/Soybean+ 
NAEW WS 118  No-Till 8 Silt Loam 9.0% 7932 m2 Corn/Soybean+ 
NAEW WS 191  No-Till 13 Silt Loam 8.8% 4856 m2 Continuous Corn 
*chisel plow **field cultivated +two-year rotation 
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  Web Soil Survey (USDA NRCS, 2014) was used to determine soil properties at each site and 
are shown in Table 3.2. Properties reflect averages at a depth interval of 0-30 cm. The reason for such 
interval will be addressed later on. 
Table 3.2. Soil properties at each site as determine by Web Soil Survey at a depth interval of 
0-30 cm. 
Site Sand, % Clay, % ρb, g cm-3 Organic Matter (%) 
Fillmore Tilled 6.1 29.6 1.37 2.8 
Fillmore NT 6.1 28.8 1.37 2.8 
Phelps Tilled 9.4 24.4 1.48 2.8 
Phelps NT 9.4 23.5 1.50 3 
NAEW WS 123 14.3 20.8 1.40 1.6 
NAEW WS 113 18.7 21.3 1.41 1.5 
NAEW WS 118 23.6 22.3 1.42 1.4 
NAEW WS 191 23.6 23.0 1.40 1.4 
 
 At the Nebraska sites, the same properties were also measured at a depth of 15 cm by Deck 
(2010). Table 3.3 shows the results of these measurements. Despite the availability of these 
measurements, Web Soil Survey was used in the analysis because of user convenience and 
availability. 
Table 3.3. Soil properties at Nebraska sites. Numbers in parenthesis indicate one standard 
deviation 
Site  Sand (%) Clay (%) ρb (g/cm3) 
Organic 
Matter (%) hf (cm) 
Fillmore Tilled 19 (2.1) 21.3 (2.8) 1.23 (0.14) 3 (0.4) 36.4 (3.8) 
Fillmore NT 20.4 (3.0) 24.3 (4.8) 1.25 (0.04) 3.1 (0.3) 40.6 (5.0) 
Phelps Tilled 24.6 (2.3) 20.7 (1.4) 1.21 (0.09) 3.2 (0.4) 28.5 (3.9) 
Phelps NT 21.1 (3.3) 20.7 (2.5) 1.25 (0.01) 3 (0.1) 34.7 (2.6) 
 
3.2.2 Runoff and Precipitation data 
 To determine Ke for each site, runoff hydrographs and rainfall or irrigation hyetographs for 
each runoff event were needed. The following summarizes how runoff and precipitation was collected 
and determined at each site. 
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At the Nebraska sites, runoff was measured using a border collection system shown in Figure 
3.1. The border collection systems were designed based off of the National Phosphorous Research 
Project specifications (Sharpley & Kleinman, 2003). At each site a 1.83 m long and 0.76 m wide steel 
frame was driven 15 cm into the soil after spring planting to catch a representative sample of field 
runoff. A 0.10 m wide PVC gutter was installed at the down-hill end of the frame to direct runoff into 
a sump extending 2 meters into the ground. A HOBO Onset U20 Water Level USB logger recorded 
the depth of runoff in the sump. Water level was recorded every two minutes and adjusted for 
barometric pressure changes occurring. A Johnson Pump Model 2270 was used to empty the sump 
when a certain water level was reached to ensure the sump would not overflow. 
 
Figure 3.1. Runoff collection systems used at Nebraska sites. 
 
Using the levels given by the pressure transducer, a runoff hydrograph was determined for 
each runoff event. Rainfall and irrigation depths were measured using a tipping bucket rain gauge 
connected to a HOBO data logger. The borders and runoff equipment were removed before harvest in 
the spring. At Fillmore County, runoff and rainfall data was collected in late July-September in 2008, 
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and in May-September in 2009 and 2010. At Phelps County, runoff and rainfall data was collected in 
May-September in 2009, 2010, and 2013. 
 Runoff and precipitation data from the watersheds at the NAEW were obtained from the 
USDA ARS Water Database (USDA ARS, 2013). Runoff hydrographs and rainfall hyetographs were 
recorded for each watershed and uploaded to the database. Runoff from the NAEW sites was 
measured using Parshall flumes and H flumes and rainfall data was measured using standard 
weighing bucket rain gauges (Bonta & Shiptalo, 2013). Runoff events from 1978-1992 were used at 
WS 123. Runoff events from 1984-1992 were used at WS 113 and WS 118. At WS 191, runoff 
events from 1979-1992 were used. 
 Runoff and rainfall and irrigation events for each site are summarized in Table 3.4. Deck 
(2010) collected all events at Fillmore County and events from Phelps County in 2009 and 2010. In 
this study only events that produced at least 0.03 mm of runoff were used.  
Table 3.4. Runoff events summary for each site. 
Site 
Runoff 
events 
Irrigation 
Events 
April-June 
Rainfall Runoff 
Events 
July-Sept. 
Rainfall Runoff 
Events 
Rainfall and 
Irrigation 
depths (mm) 
Runoff 
depths 
(mm) 
Fillmore County 
Tilled 
16 5 6 5 13.0-63.5 0.2-18.2 
Fillmore County 
NT 
12 3 5 4 5.1-88.1 0.1-23.7 
Phelps County 
Tilled 
52 13 13 26 2.3-49.0 0.1-17.4 
Phelps County NT 23 6 8 9 8.4-45.5 1.0-21.2 
NAEW WS 123 85 - 40 45 6.9-119.9 0.1-46.1 
NAEW WS 113  37 - 24 13 7.6-109.5 0.04-34.3 
NAEW WS 118  62 - 39 23 6.9-98.8 0.3-37.3 
NAEW WS 191  21 - 13 8 8.4-112.8 0.01-9.2 
LRS Tilled 37 - - - 7.1-68.1 0.2-22.1 
LRS NT 37 - - - 7.1-68.1 0.1-6.4 
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3.2.3 Green-Ampt Equation 
To compare the effects NT has on infiltration, Ke from the Green-Ampt equation was used. 
The Green-Ampt equation was first developed by Green and Ampt (1911). Based off of Darcy’s law 
of flow through porous media and continuity, it assumes the wetting front in a soil is a square or sharp 
front. Chow et al. (1988) present the following equations for rainfall before ponding occurs: 
 
𝑓(𝑡) = 𝑅(𝑡)      (3.2) 
𝐹(𝑡 + ∆𝑡) = ∆𝑡 𝑅(𝑡) + 𝐹(𝑡)    (3.3) 
where f(t) = infiltration rate at time t; R(t) = intensity of rainfall or irrigation; Δt = length of time-step; 
F(t+Δt) = cumulative infiltration at next time step. Time of ponding (tp) is determined once f(t+Δt)< 
R(t). Assuming no accumulation of ponded water depth on the surface, the equations are: 
𝑓(𝑡𝑝) = 𝑅(𝑡𝑝)     (3.4) 
𝐹(𝑡𝑝) =
𝐾𝑠ℎ𝑓∆𝜃
𝑅(𝑡𝑝)−𝐾𝑠
    (3.5) 
∆𝑡′ =
𝐹(𝑡𝑝)−𝐹
𝑅(𝑡𝑝)
     (3.6) 
𝑡𝑝 = 𝑡 + ∆𝑡′     (3.7) 
∆𝜃 = 0.9𝜂 − 𝜃𝑖    (3.8) 
 
where Δt’ = increase in time from the beginning of the time interval to when ponding occurs; η = 
porosity; θi = initial moisture content; Ks = saturated hydraulic conductivity. In this study Ks is 
determined through rainfall or irrigation and runoff records and not saturated lab and field methods. 
Therefore Ks=Ke. After ponding occurs, the infiltration equations are: 
𝑓 = 𝐾𝑆 [
ℎ𝑓Δ𝜃
𝐹
+ 1]    (3.9) 
𝑡 =
𝐹−𝐹(𝑡𝑝)−ℎ𝑓Δ𝜃[ln (
𝐹+ℎ𝑓Δ𝜃
𝐹(𝑡𝑝)+ℎ𝑓𝜃
)]
𝐾𝑠
+ 𝑡𝑝   (3.10) 
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Equation 3.10 is implicit to F. HEC-HMS Version 3.5, a modeling software developed by the 
United States Army Corps of Engineers (2010), was used to optimize Ke in the Green-Ampt equation 
to match observed rainfall and runoff depths for each event. 
 Other Green-Ampt parameters for each watershed and rainfall event were determined using 
field measured data or pedo-transfer functions. Wetting front pressure head (hf), shown in Table 3.5, 
was determined using the following equation published by Rawls & Brakensiek (1985): 
ℎ𝑓 = 𝑒𝑥𝑝[6.53 − 7.326(0.9𝜂) + 0.00158(𝐶𝑙𝑎𝑦)
2 + 3.809(0.9𝜂)2 + 0.000344(𝑆𝑎𝑛𝑑)(𝐶𝑙𝑎𝑦) −
0.04989(𝑆𝑎𝑛𝑑)(0.9𝜂) + 0.0016(𝑆𝑎𝑛𝑑)2(0.9𝜂)2 + 0.0016(𝐶𝑙𝑎𝑦)2(0.9𝜂)2 −
0.0000136(𝑆𝑎𝑛𝑑)2(𝐶𝑙𝑎𝑦) − 0.00348(𝐶𝑙𝑎𝑦)2(0.9𝜂) − 0.000799(𝑆𝑎𝑛𝑑)2(0.9𝜂)]  (3.11) 
where Sand = percent sand; Clay=percent clay; hf = wetting front pressure head (cm); η = porosity. 
 
Table 3.5. Wetting front suction heads determined for sites. 
Site hf (cm) 
Fillmore Tilled 74.0 
Fillmore NT 72.7 
Phelps Tilled 77.2 
Phelps NT 78.8 
WS 123 55.0 
WS 113 50.7 
WS 118 45.9 
WS 191 44.7 
 
At the all sites, porosity was calculated from bulk density acquired using Web Soil Survey 
(USDA NRCS, 2014). It was assumed that field saturation is 90% of porosity because air entrapment 
in soil pores, therefore: θs ≈ 0.9η. 
 Initial moisture content (θi) for the Nebraska sites was determined using the average matric 
potential from Watermark sensors placed at 15 cm to represent the first 30 cm of soil at each field. 
Water retention curves were built using the Soil Water Characteristic (SWC) Tool based off of Saxton 
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& Rawls (1986) to relate matric potential to volumetric water content. Percent sand, percent clay, 
bulk density, and percent organic matter were used as inputs into the SWC Tool. Initial moisture 
content was determined before each runoff event. 
 At the NAEW sites, field observations of moisture content were not available. Initial moisture 
contents were estimated based on 50% depletion of available soil water. Moisture content at field 
capacity (θfc) and wilting point (θwp) were determined based on texture class, and 50% depletion was 
assumed to be the moisture content half-way between field capacity and wilting point (Eisenhauer 
personal communication, 2013). Table 3.6 shows the values used for initial moisture content at the 
NAEW sites. 
Table 3.6. Initial moisture content for silt loams at NAEW sites used in Green-Ampt equation. 
θfc (m3/m3) θwp (m3/m3) θi (m3/m3) 
0.283 0.103 0.193 
  
Depression storage was also determined at each site and accounted for in the HEC-HMS 
model. Random roughness (RR) was first determined based on tillage history using a method 
developed by Zobeck & Onstad (1987). Using RR and average slope steepness, the following 
equation developed by Mwendera & Feyen (1992) was used: 
𝐷𝑆 = 0.294(𝑅𝑅) + 0.036(𝑅𝑅)2 − 0.012(𝑅𝑅)(𝑆𝐿)  (3.12) 
where DS = depression storage (cm); RR = random roughness (cm); SL = slope steepness (%).  
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Depression storage determined for each site is shown in Table 3.7. 
Table 3.7. Depression storage at sites. 
Site DS (cm) 
Fillmore Tilled 0.50 
Fillmore NT 0.22 
Phelps Tilled 0.51 
Phelps NT 0.22 
WS 123 0.64 
WS 113 0.15 
WS 118 0.15 
WS 191 0.15 
 
Ke was determined for each event through optimization in HEC-HMS Version 3.5 (US Army 
Corps of Engineers, 2010). Normality of Ke was tested using the Shapiro-Wilk test in Sigma-Plot 
Version 11.0. Results from this test are shown in Table 3.8. For the most part, Ke is log-normally 
distributed at each site, as is usually found (Jury & Horton., 2004).  Average Ke was determined at 
each site using the geometric mean. 
Table 3.8. Log-normality test of Ke distribution. 
Site W-Statistic P Result 
Fillmore Tilled 0.842 0.013 Failed 
Fillmore NT 0.931 0.392 Passed 
Phelps Tilled 0.955 0.070 Passed 
Phelps NT 0.905 0.096 Passed 
NAEW WS 123 0.961 0.013 Failed 
NAEW WS 113 0.963 0.257 Passed 
NAEW WS 118 0.989 0.879 Passed 
NAEW WS 191 0.926 0.113 Passed 
 
3.2.4 Reference Hydraulic Conductivity 
 To determine CL, Kref values that can be easily determined for each watershed are needed. 
The following sources of Ks were tested for Kref values; Web Soil Survey, the SWC Tool, ROSETTA, 
Nearing et al. (1996), NRCS Curve Number (CN) Hydrologic Soil Group (HSG) criteria, and tabular 
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values from Rawls et al. (1983). All of these methods output a saturated hydraulic conductivity value, 
which is used as Kref in this study. 
At each site, soil texture changes with depth. Multiple depths were chosen to use as a 
representation of the percent sand, silt, and clay, bulk density, and percent organic matter. Average 
textures at the surface, 0-30 cm, and 15-25 cm were used at all sites, as determined by Web Soil 
Survey (USDA NRCS, 2014). However, after analysis of the different depths, it was concluded depth 
did not effect Kref to a substantial degree. Therefore in this study Kref and CL values from average 
texture, bulk density, and organic matter at an interval of 0-30 cm are reported. 
 Web Soil Survey (WSS) is a web based database that provides soil data and information for 
over 95% of the United States (USDA NRCS, 2014). It is operated by the USDA Natural Resources 
Conservation Service (NRCS) and is open and free for public use. Field sites are located on an 
interactive map, and Kref can be determined for different depths. Ks values in WSS are from the Soil 
Survey Geographic (SSURGO) database operated by the National Cooperative Soil Survey (USDA 
NRCS, 2014). 
 The SWC Tool is based on Saxton & Rawls (2006). Using percent sand, percent clay, bulk 
density, and percent organic material, Kref is determined.  
 ROSETTA was developed by Schaap et al. (2001) and is an artificial neurological network 
that uses five hierarchical pedo-transfer functions to determine soil hydraulic properties. Percent sand, 
silt, and clay, and bulk density were used to determine Kref for each watershed. 
 Nearing et al. (1996) provide equations to estimate an effective hydraulic conductivity for 
fallow field conditions based on percent sand and Hydrologic Soil Groups (HSG) from the CN 
method (USDA NRCS, 2009). The sites at Nebraska and the NAEW are both considered to be in 
HSG C, and therefore the following equation from Nearing et al. (1996) was used: 
𝐾𝑒𝑓 = 0.50 + 0.032(𝑆𝑎𝑛𝑑)    (3.13) 
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where Kef = effective hydraulic conductivity for fallow field conditions (mm/hr); Sand = percent sand 
content. In this case Kef = Kref. This equation was used in the development of UDSA’s Water Erosion 
Prediction Project (WEPP) model, and therefore this is referred to as the WEPP method to determine 
Kref. 
 Rawls et al. (1983) provide tabular data with saturated hydraulic conductivity values based on 
soil texture class. Values were compiled from 1,323 different soils throughout the United States. The 
tabular saturated hydraulic conductivities were used as Kref. These values are referred as tabular data. 
 The CN method is used by the USDA NRCS to model overland runoff. Land use is 
parameterized by CN values, and soils are placed in HSG’s based on the saturated hydraulic 
conductivity range of the least permeable layer. Kref values were determined for each site by finding 
the geometric mean of the range of saturated hydraulic conductivities for the site’s HSG as defined by 
the NRCS Handbook (USDA NRCS, 2009). All sites are classified as HSG C. 
3.2.5 Land-Use Coefficient 
 Equation 3.1 was used to define the land-use coefficient. 
 CL is defined for NT and tilled conditions for each Kref method by using the following 
equation for each runoff event at each site: 
𝐶𝐿 =
𝐾𝑒
𝐾𝑟𝑒𝑓
  .    (3.14) 
The statistical distribution of CL at each site was tested and determined to be the same as the 
distribution of Ke, i.e., log-normally distributed. At each site, average CL was determined by taking 
the geometric mean of CL for every event. The average CL values from each site were grouped based 
on tillage type, i.e., tilled and NT, and the geometric mean was taken to determine CL for the tillage 
type. 
71 
 
   
3.2.6 Model Evaluation 
The average Ke determined for each site and CL computed for each tillage type were 
evaluated with the observed runoff events from the Nebraska and the NAEW tilled and NT sites. 
Typically, modeling parameters are evaluated using a different data set than used for calibration. 
However, because of the lack of runoff and rainfall data for all NT sites, the same events used to 
calibrate CL were also used to evaluate. The CL method was also tested on two NT watersheds in 
southeast Nebraska. 
Nash-Sutcliffe efficiency (NSE) (Nash & Sutcliffe, 1970) was used to evaluate the Ke values 
determined from CL: 
𝑁𝑆𝐸 = 1 −
𝛴(𝑅𝑜−𝑅𝑚)
2
𝛴(𝑅𝑜−?̅?𝑜)2
     (3.15) 
where NSE = coefficient of efficiency; Ro = observed runoff depth from rainfall and irrigation events; 
Rm = predicted runoff depth for each event using CL to determine Ke; ?̅?𝑜= observed mean runoff 
depth. NSE can range from -∞ to 1. A perfect fit is 1, meaning the modeled runoff matched the 
observed runoff. A negative number indicates the average CL is not better than using the average 
observed runoff values to predict runoff. 
 The root mean squared error was also calculated as a model performance indicator by the 
following equation: 
𝑅𝑀𝑆𝐸 = [
𝛴(𝑅𝑜−𝑅𝑚)
2
𝑛
]
0.5
     (3.16) 
where n = number of runoff events. The smaller the RMSE value, the closer the predicted runoff 
values match the observed runoff values. RMSE has the same units as the observed runoff, which is 
mm. 
 Finally, the percent bias (PBIAS) (Moriasi et al., 2007) was calculated by: 
𝑃𝐵𝐼𝐴𝑆 = [
𝛴(𝑅𝑚−𝑅𝑜)100
𝛴(𝑅𝑜)
]     (3.17) 
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where PBIAS indicates the positive or negative percentage of deviation of the modeled runoff values 
from the observed runoff values. In this study the equation was arranged so a positive value indicates 
the model over-predicted the runoff and a negative value indicates the model under-predicted the 
runoff. 
 Moriasi et al. (2007) suggest having PBIAS magnitudes less than 25% and NSE values 
greater than 0.5 as criteria for satisfactory model performance for monthly streamflow. In this study 
NSE values were never greater than 0.5. With this being so, the best Kref methods for modeling runoff  
depths were chosen based the following criteria; PBIAS magnitudes less than 25%, maximum NSE 
values, and minimum RMSE values.   
3.2.7 Statistical Analysis 
Tests for significant differences among the mean of ln Ke at each site were performed. 
SigmaPlot Version 11.0 and a p-value of 0.05 were used for the t-tests.  A one-way analysis of 
variance was used at NAEW with WS 123 as the control because of multiple NT plots. 
Tests for significant differences among the mean of ln CL between tilled and NT for each Kref 
method were performed. To perform the statistical tests on CL, a pooled standard deviation was 
determined from each site and used to detect differences between tilled and NT. SigmaPlot Version 
11.0 and a p-value of 0.05 were used for the t-tests.   
3.3 Results and Discussion 
3.3.1 Effective Hydraulic Conductivity 
 Figure 3.2 and Table 3.9 show average Ke and plus/minus one standard deviation. Values 
were determined for each site using the Green-Ampt equation in HEC-HMS Version 3.5. Table 3.10 
shows that significant differences of Ke were detected between tilled and NT at every site except 
Fillmore County. 
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Figure 3.2. Geometric mean Ke for NT and tilled sites with bar indicating plus or minus one 
standard deviation. 
 
 Table 3.9. Ke for all sites. 
Site Ke (mm/hr) σln ke* 
Fillmore Tilled 2.3 0.9 
Fillmore NT 3.4 1.4 
Phelps Tilled 1.6 2.7 
Phelps NT 15 1.6 
NAEW WS 123 0.20 1.8 
NAEW WS 113 1.1 1.4 
NAEW WS 118 0.91 1.4 
NAEW WS 191 9.3 0.7 
*Standard deviation of Ln Ke 
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Table 3.10. Significant difference of Ke between NT and tilled at each site. 
Site Comparison P-value Significant? 
Fillmore County Tilled vs. NT 0.358 No 
Phelps County Tilled vs. NT 0.002 Yes 
NAEW WS 123 Tilled vs WS 113 NT <0.001 Yes 
WS 123 Tilled vs WS 118 NT <0.001 Yes 
WS 123 Tilled vs. WS 191 NT <0.001 Yes 
 
3.3.2 Reference Hydraulic Conductivity 
 Table 3.11 shows Kref values determined for each site using the different methods. Values 
determined from WSS are much higher than the other Kref values. Values determined from using 
WEPP are significantly lower than the other Kref values. Rawls et al. (1983) published typical Ks 
values for different types of soils. For silt loam soils, Ks values ranged from 2-200 mm/hr and for silty 
clay loam soils Ks ranged from 0.6-6 mm/hr. Except for the Kref values determined from WEPP, and 
all Kref values determined at Fillmore County, the values fall within the range of values presented by 
Rawls et al. (1983).  
Table 3.11. Reference hydraulic conductivity for all sites. 
  Kref (mm/hr) 
 Fillmore County Phelps County NAEW 
 Kref Method Tilled NT Tilled NT 
WS 123 
Tilled 
WS 
113 NT 
WS 
118 NT 
WS 
191 NT 
WSS 21.8 22.9 31.0 33.1 31.6 31.2 30.9 31.5 
SWC Tool 4.20 4.38 2.97 2.35 8.31 9.46 10.2 11.2 
ROSETTA 4.86 5.00 3.72 3.56 6.84 5.00 5.00 5.31 
WEPP 0.80 0.70 0.80 0.70 0.96 1.09 1.26 1.26 
Tabular 2.00 2.00 6.80 6.80 6.80 6.80 6.80 6.80 
HSG Criteria 4.55 4.55 4.55 4.55 4.55 4.55 4.55 4.55 
  
3.3.3 Land-Use Coefficient 
The statistical distribution of CL was determined to be the same as Ke. Table 3.12 shows 
significant differences exist between tilled and NT CL for all methods. Table 3.13 shows CL values for 
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individual sites. Table 3.14 shows CL values for tilled and NT sites using the six different methods for 
Kref. Figure 3.3 shows CL values with plus and minus one standard deviation. Nearing et al. (1996) 
determined average CL values from multiple sites using natural rainfall data. Nearing et al. (1996) 
determined CL values for convention corn, convention soybean, conservation corn, and conservation 
soybean to be 1.58, 1.70, 1.79, and 1.91 respectively. The results for convention corn and soybean are 
fairly similar to what was determined for tilled using the same method. However, the conservation 
corn and soybean are not similar. For all methods used to determine Kref, CL is higher for NT, 
meaning more infiltration will occur on the NT sites. In general, the CL for NT is 3-4 times higher 
than for tilled. This indicates that using CL will result in Ke values 3-4 higher for NT than tilled 
conditions. 
Table 3.12. Statistical difference of CL between tilled and NT for different Kref methods. 
Method Comparison P-value Significant? 
WSS Tilled vs. NT <0.001 Yes 
SWC Tilled vs. NT <0.001 Yes 
ROSETTA Tilled vs. NT <0.001 Yes 
WEPP Tilled vs. NT <0.001 Yes 
Tabular Tilled vs. NT <0.001 Yes 
HSG Tilled vs. NT <0.001 Yes 
 
 
Table 3.13. Land-use coefficient for individual sites. 
  CL 
  WSS SWC ROSETTA WEPP Tabular HSG 
Fillmore Till 0.11 0.55 0.44 3.32 1.15 0.51 
Fillmore NT 0.15 0.79 0.70 4.96 1.72 0.76 
Phelps Till 0.05 0.55 0.44 2.05 0.24 0.36 
Phelps NT 0.47 6.59 4.35 19.3 2.28 3.40 
WS 123 0.01 0.024 0.030 0.21 0.03 0.04 
WS 113 0.035 0.12 0.22 0.99 0.16 0.24 
WS 118 0.03 0.089 0.18 0.72 0.13 0.20 
WS 191 0.3 0.83 1.76 7.43 1.37 2.05 
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  Table 3.14. Land-use coefficient for tilled and NT. 
  CL  
 Kref Method Tilled NT 
Web Soil Survey 0.03 0.12 
SWC Tool (2006) 0.19 0.54 
ROSETTA 0.18 0.73 
WEPP 1.12 3.48 
Tabular 0.20 0.65 
HSG 0.20 0.76 
 
 
 
 
Figure 3.3. CL and associated standard deviation for different methods of Kref. 
  
3.3.4 Model Evaluation 
 Figures 3.4 and 3.5 show the observed and modeled runoff events for tilled and NT sites 
using average Ke and Figures 3.6-3.17 show all methods used to determine Kref.  Table 3.15 shows 
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model performance using average Ke for each individual site. Table 3.16 shows model performance 
for each individual event using CL methods. WS 191 is not included in Figures 3.6-3.17 because of its 
poor model performance severely biasing the results. This will be discussed in more detail later. 
 
Table 3.15. Model performance using average Ke for each site. 
Site Ke (mm/hr) NSE RMSE (mm) PBIAS 
Fillmore Tilled 2.3 -0.03 7.2 33% 
Fillmore NT 3.4 0.33 5.1 18% 
Phelps Tilled 1.6 -2.1 8.3 44% 
Phelps NT 15 -0.29 4.9 29% 
NAEW WS 123 0.20 -0.07 11 31% 
NAEW WS 113 1.1 -0.29 10 47% 
NAEW WS 118 0.91 -0.52 9.6 61% 
NAEW WS 191 9.3 -4.0 5.5 270% 
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Figure 3.4. Modeled and observed runoff events at tilled sites using average Ke for each site. 
 
Figure 3.5. Modeled and observed runoff events at NT sites using average Ke for each site. 
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Figure 3.6. Observed and modeled runoff events for the tilled sites using CL and the WSS Tool as 
Kref. 
 
Figure 3.7. Observed and modeled runoff events for NT sites using CL and the WSS tool as Kref. 
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Figure 3.8. Observed and modeled runoff events for tilled sites using CL and the SWC Tool as Kref. 
 
Figure 3.9. Observed and modeled runoff events for NT sites using CL and the SWC Tool as Kref. 
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Figure 3.10. Observed and modeled runoff events for tilled sites using CL and ROSETTA as Kref. 
 
Figure 3.11. Observed and modeled runoff events for NT sites using CL and ROSETTA as Kref. 
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Figure 3.12. Observed and modeled runoff events for tilled sites using CL and WEPP method as Kref. 
 
Figure 3.13. Observed and modeled runoff events for NT sites using CL and WEPP method as Kref. 
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Figure 3.14. Observed and modeled runoff events for tilled sites using CL and tabular data as Kref. 
 
Figure 3.15. Observed and modeled runoff events for NT sites using CL and tabular data as Kref. 
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Figure 3.16. Observed and modeled runoff events for tilled sites using CL and HSG as Kref. 
 
Figure 3.17. Observed and modeled runoff events for NT sites using CL and HSG as Kref.
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Table 3.16. Modeling performance for individual sites. 
Site Kref Method 
Kref  
(mm/hr) CL 
Ke 
(mm/hr) NSE 
RMSE 
(mm) 
PBIAS 
(%) 
Fillmore County tilled WSS 21.8 0.03 0.7 -0.7 9.3 61 
 The SWC Tool 4.2 0.19 0.8 -0.3 8.2 46 
 ROSETTA 4.86 0.18 0.9 -0.2 7.7 34 
 WEPP 0.8 1.12 0.9 -0.6 8.9 55 
 Tabular 2 0.2 0.4 -1.4 10.8 83 
 HSG 4.55 0.2 0.9 -0.3 8.1 45 
Fillmore County NT WSS 22.9 0.12 2.7 0.44 4.7 -6 
 The SWC Tool 4.38 0.54 2.4 0.38 4.9 -30 
 ROSETTA 5 0.73 3.7 0.38 4.9 -29 
 WEPP 0.7 3.48 2.4 0.34 5.1 11 
 Tabular 2 0.65 1.3 -0.62 8.0 79 
 HSG 4.55 0.76 3.5 0.38 4.9 -29 
Phelps County tilled WSS 31 0.03 0.9 -1.9 6.9 42 
 The SWC Tool 2.97 0.19 0.6 -1.8 6.8 40 
 ROSETTA 3.72 0.18 0.7 -2.4 7.4 61 
 WEPP 0.8 1.12 0.9 -2.0 7.0 48 
 Tabular 6.8 0.2 1.4 -1.5 6.4 24 
 HSG 4.55 0.2 0.9 -1.9 6.9 44 
Phelps County NT WSS 33.1 0.12 4.0 -1.62 7.0 121 
 The SWC Tool 2.35 0.54 1.3 -1.11 6.3 93 
 ROSETTA 3.56 0.73 2.6 -3.00 8.7 179 
 WEPP 0.7 3.48 2.4 -2.59 8.2 163 
 Tabular 6.8 0.65 4.4 -1.28 6.5 103 
 HSG 4.55 0.76 3.5 -1.93 7.4 134 
NAEW WS 123 tilled WSS 31.6 0.03 0.9 0.23 8.9 -40 
 The SWC Tool 8.31 0.19 1.6 0.02 10.0 -59 
 ROSETTA 6.84 0.18 1.2 0.11 10 -49 
 WEPP 0.96 1.12 1.1 0.15 9 -43 
 Tabular 6.8 0.2 1.4 0.09 9.7 -52 
 HSG 4.55 0.2 0.9 0.21 9.0 -10 
NAEW WS 113 NT WSS 31.2 0.12 3.7 0.30 7.5 -28 
 The SWC Tool 9.46 0.54 5.1 0.28 7.6 -24 
 ROSETTA 5 0.73 3.7 0.32 7.4 -36 
 WEPP 1.09 3.48 3.8 0.29 7.5 -26 
 Tabular 6.8 0.65 4.4 0.32 7.3 -39 
 HSG 4.55 0.76 3.5 0.11 8.3 4.3 
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Table 3.16 (continued). Modeling performance for individual sites. 
Site Kref Method 
Kref  
(mm/hr) CL 
Ke 
(mm/hr) NSE 
RMSE 
(mm) 
PBIAS 
(%) 
NAEW WS 118 NT WSS 30.9 0.12 3.7 0.17 7.1 -30 
 The SWC Tool 10.2 0.54 5.5 0.18 7.1 -27 
 ROSETTA 5 0.73 3.7 0.17 7.1 -30 
 WEPP 1.26 3.48 4.4 0.19 7.0 -43 
 Tabular 6.8 0.65 4.4 0.19 7.0 -44 
 HSG 4.55 0.76 3.5 0.18 7.1 -31 
NAEW WS 191 NT WSS 31.5 0.12 3.8 -25 12.6 874 
 The SWC Tool 11.2 0.54 6.0 -30 13.6 975 
 ROSETTA 5.31 0.73 3.9 -19 11.1 737 
 WEPP 1.26 3.48 4.4 -18 10.7 698 
 Tabular 6.8 0.65 4.4 -18 10.6 693 
  HSG 4.55 0.76 3.5 -25 12.6 872 
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 Using average Ke from each site to model runoff resulted in inadequate results, especially 
compared to using other CL methods. NSE values were below zero, and the model tended to over-
estimate runoff for all sites. This result is not expected, especially considering Ke values used were 
determined from each site’s runoff events. One reason for such poor performance is the extreme 
variability in Ke values. However, averaging a CL across all watersheds for tillage practices 
compensated for the models over-estimation of runoff, resulting in better model performance. 
 Using ROSETTA, WEPP, and HSG to determine Kref resulted in the best PBIAS, NSE, and 
RMSE values. The model that best met the performance criteria was HSG. Using HSG as Kref 
resulted in PBIAS magnitudes less than 25%, had the greatest NSE, and lowest RMSE values for both 
tilled and NT sites.  
On individual sites, using the CL method to model runoff performed adequately on NAEW 
WS 123, 113, and 118 and the NT site at Fillmore County. However, this method did not accurately 
model individual runoff depths at Phelps County and the tilled site at Fillmore County. The PBIAS 
values indicate runoff was over predicted at the three Nebraska sites where the model performed 
poorly, but under predicted runoff on all other sites. 
Overall, using ROSETTA, WEPP or HSG as Kref with the CL method performed the best, 
with HSG as Kref being the most successful. 
3.3.5 Sensitivity Analysis 
A sensitivity analysis was completed on Phelps NT to determine how depression storage (DS) 
and hf influence the Green-Ampt model when determining  CL. DS and hf were adjusted between -
50% and 50% of their original values at Phelps County. CL was determined with these adjustments 
made. The new CL was then used to model observed runoff events, and an NSE value was 
determined. Results are shown in Figure 3.18 and 3.19. Adjusting DS or hf had a relatively small 
impact on NSE, and therefore it was determined that changing DS or hf does not have a large impact 
on modeling results. 
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Figure 3.18. Sensitivity analysis for depression storage. 
 
Figure 3.19. Sensitivity analysis for wetting front suction head. 
 
3.3.6 Model Validation with Roger’s Memorial Farm Watersheds 
For an independent NT data set, rainfall and runoff depths at two NT watersheds in southeast 
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determine watershed properties. Roger’s Farm South (RFS) is a terraced, NT field with a grain 
sorghum/soybean rotation. Roger’s Farm North (RFN) is a contoured, NT field with stiff grass hedges 
in place of terraces that is cropped with a corn/soybean rotation. Both watersheds have been 
continuous NT for over 20 years. Three-foot H-flumes were installed in the summer of 2012 at the 
outlet of each watershed to measure runoff. Rainfall was measured using a Teledyne ISCO 6712 
sampler and tipping bucket rain gauge. 
Table 3.17. Roger's Memorial Farm watershed properties. 
Site RFS RFN 
Area (hectares) 5.6 5.3 
% Slope 4.66 3.8 
% Sand 3 3 
% Silt 63.7 63.7 
% Clay 33.3 33.3 
Bulk Density (g/cm3) 1.35 1.35 
Organic Matter (%) 3.17 3.15 
Ks (mm/hr) 9.54 9.54 
Soil Type Aksarben silt clay loam Aksarben silt clay loam 
Depression storage (cm) 0.18 0.18 
 
Table 3.18 shows the Kref values determined for each watershed using ROSETTA, WEPP, 
and HSG as Kref, which were determined to be the best methods. Table 3.19 shows Ke values for each 
method using CL values developed from the Nebraska and NAEW NT watersheds. 
Table 3.18. Kref for Roger's Memorial Farm watersheds using Kref methods. 
  Kref (mm/hr) 
Method RFS RFN 
ROSETTA 4.47 4.47 
WEPP 3.33 3.33 
HSG 4.55 4.55 
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Table 3.19. Ke values using CL method for Roger's Memorial Farm watersheds. 
  Ke (mm/hr) 
Method RFS RFN 
ROSETTA 3.27 3.27 
WEPP 11.6 11.6 
HSG 3.45 3.45 
  
 Using values from Table 3.17 and Table 3.19, runoff was modeled with the Green-Ampt 
equation in HEC-HMS. Results for each method are shown in Figures 3.20-3.22. Using ROSETTA, 
WEPP, and HSG to determine Ke resulted in adequate models. HSG and ROSETTA both had the 
least bias and the highest NSE values, and modeled runoff to a fairly high degree of accuracy.  
 The same analysis was conducted using adjusted tabular CN values and Rawls (1980) residue 
adjusted CN’s from Chapter 2. Compared to the CN results, using ROSETTA and HSG had better 
modeling results. 
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Figure 3.20. Observed and modeled runoff at Roger's Memorial Farm using CL and ROSETTA as 
Kref. 
 
Figure 3.21. Observed and modeled runoff at Roger's Memorial Farm using CL and WEPP as Kref. 
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Figure 3.22. Observed and modeled runoff at Roger's Memorial Farm using CL and HSG as Kref. 
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Figure 3.23. Observed and modeled runoff events for tilled sites using Rawls et al. (1980) residue 
adjusted CN's. 
 
Figure 3.24. Observed and modeled runoff events for NT sites using Rawls et al. (1980) residue 
adjusted CN's. 
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Figure 3.25. Observed and modeled runoff events for tilled sites using tabular tilled adjusted CN's. 
 
Figure 3.26. Observed and modeled runoff events for NT sites using tabular tilled adjusted CN's. 
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At the tilled and NT sites Figures 3.4 and 3.17 indicate that using the CN method results in a 
more accurate model of runoff depths at these watersheds compared to using the CL method. The CN 
method has higher NSE values and lower RMSE and PBIAS values than the CL method at all sites.  
In this investigation the wide range in variability of Ke is one reason why the CN method 
outperformed the Green-Ampt model and CL method. The variability introduced in pedo-transfer 
functions to determine Kref is another possible reason why the CL method did not perform as well as 
the CN method.  
Assumptions in the Green-Ampt equation may also be why the CL method did not perform 
adequately compared to the CN method. The Green-Ampt equation is based off Darcy’s Law through 
porous media with a sharp wetting front. On the NT sites, it is possible many surface-connected 
macropore networks are in place. Such macroporsosity would disrupt the porous media assumption 
and cause an irregular wetting front, causing accuracy issues with the model. 
 Using the Green-Ampt equation in the single-layer fashion could be another reason why 
model results are poor for the tilled sites. Seals caused by crusting on tilled fields can cause 
drastically lower Ke on the soil surface when compared to the rest of the soil layer. With the one-layer 
model, it is assumed that Ke is constant through the entirety of the layer. However, with a surface 
seal, this may not be the case. The surface seal is not accounted for, and therefore the Green-Ampt 
model tends to underestimate runoff on the tilled sites. 
However, this may not always be the case. Modeling results for the Roger’s Farm Memorial 
Farm indicate using ROSETTA and HSG as Kref with the CL method outperform the CN methods. In 
this case, the Green-Ampt model was more appropriate. 
3.3.8 CN and Ke Relationship 
A relationship between CN and Ke was also investigated. Nearing et al. (1996) presented the 
following equation to convert CN to Ke: 
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𝐾𝑒 =
56.82𝐾𝑒𝑓
0.286
1+0.051exp (0.062𝐶𝑁)
− 2    (3.18)  
where Ke = effective hydraulic conductivity (mm/hr); CN = curve number; Kef = effective fallow 
hydraulic conductivity (mm/hr). Equation 3.13 is used to determine Kef, and in this study Kef = Kref. 
Using Kef values determined from Equation 3.13 with tabular adjusted tilled CN values and Rawls et 
al. (1980) residue adjusted CN values, Ke was determined from for the NT sites. Table 3.20 shows the 
resultant Ke values. 
Table 3.20. Ke values of sites using adjusted CN values. 
    Tabular adjusted Rawls et al. (1980) residue 
Site Kref (mm/hr) CN Ke (mm/hr) CN Ke (mm/hr) 
Fillmore County tilled 0.7 85 2.7 81.7 3.7 
Fillmore County NT 0.7 78.8 4.6 76.9 5.3 
Phelps County tilled 0.8 85 2.9 81.9 3.8 
Phelps County NT 0.8 78.8 4.9 76.8 5.7 
NAEW WS 123 tilled 1.32 82 4.7 79.6 5.6 
NAEW WS 113 NT 1.32 75.8 7.3 74.2 8.1 
NAEW WS 118 NT 1.32 75.8 7.3 74.2 8.1 
 
Using Ke values from Table 3.20, runoff was modeled for each site to compare with using the 
CL method. Results from these models are shown in Figures 3.27-3.30. Overall, this method did not 
perform very well on the tilled sites. However, NSE values were greater than zero for the NT sites, 
indicating that using this method to convert CN into Ke may be a useful technique to use. To use 
Equation 3.18, the appropriate CN must be chosen to ensure better modeled runoff results. 
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Figure 3.27. Observed and modeled runoff events for tilled sites using Equation 3.18 and handbook 
CN to determine Ke.
 
Figure 3.28. Observed and modeled runoff events for NT sites using Equation 3.18 and handbook 
adjusted CN to determine Ke. 
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Figure 3.29. Observed and modeled runoff events for tilled sites using Equation 3.18 and Rawls et al. 
(1980) residue adjusted CN.
 
 
Figure 3.30. Observed and modeled runoff events for NT sites using Equation 3.18 and Rawls et al. 
(1980) residue adjusted CN. 
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3.3.9 WS 191 
 WS 191 at NAEW behaves differently in terms of infiltration and runoff than its no-till 
counterparts, WS 113 and WS 118. Using the CL method to model runoff at WS 191 resulted in 
extremely poor NSE, RMSE, and PBIAS values. Bonta & Shipitalo (2013) and Edwards (1988) 
attribute the large difference in infiltration and runoff between watersheds to macropore networks 
resulting from high earthworm populations. The factor that appears to effect earthworm populations 
the most in this case is manure application (Humberto, personal communication, 2013). WS 191 had 
manure applied to its surface for 16 years (Hao et al., 2003) prior to and during this investigation, 
while WS 113 and WS 118 did not have manure applied. Manure applications can cause high 
earthworm populations (Haynes and Nadu, 1998). Earthworms create surface-connected macropore 
networks that increase infiltration. When looking at WS 191, it is important to understand that not all 
NT sites have such a drastic reduction in runoff compared to tilled sites. Therefore, when choosing 
how much to increase Ke due to NT conditions, a decision needs to be made whether to include WS 
191’s impact on Ke or not. 
3.4 Summary and Conclusions 
A study was conducted to develop land use coefficients that can be used in conjunction with 
reference hydraulic conductivities to determine effective hydraulic conductivities for tilled and NT 
conditoins that accurately model infiltration and runoff using the Green-Ampt equation. Runoff 
hydrographs and rainfall hyetographs were used from tilled and NT sites in Nebraska and at NAEW 
near Coshocton, OH to determine Ke. CL values were determined for tilled and NT conditions using 
different Kref values determined for each watershed from six different methods.  The resultant CL 
values were used to model runoff at the watersheds and separate watersheds in Lancaster County, NE. 
An evaluation was conducted on the models to determine the accuracy of the CL method. Using 
ROSETTA, WEPP, and HSG to determine Kref resulted in the most accurate models. HSG performed 
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the best. Except for WS 191, the CL method performed well on the NAEW sites, but performed 
poorly at all the Nebraska sites except Fillmore NT. Using ROSETTA, WEPP, and HSG as Kref with 
the CL method had satisfactory results at the NT watershed in Lancaster County, NE. Results using 
the CL method were compared to results using the CN method on the same sites. The CN method 
performed better in all aspects at the Nebraska and NAEW sites, but the CL method outperformed the 
CN methods at two NT watersheds in Lancaster County, NE. Another method was investigated that 
uses CN to estimate Ke. This method adequately modeled runoff for NT sites.  Overall, it was 
determined that the CL for NT was 3-4 times higher than the CL for tilled sites, resulting in less runoff 
and more infiltration. 
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CHAPTER 4: SUMMARY AND CONCLUSIONS 
4.1 Summary and Conclusions 
A study was conducted to determine the effects of long-term NT on CN at four different sites. 
With a lack of NT rainfall/runoff data, a relationship between PDS and annual series data sets was 
determined. It was determined that an F’ value of 40% and 50% can be used for PDS data when λ=0.2 
and λ=0.05, respectively. Using the PDS/annual series relationship results, CN’s were calculated for 
the NT and tilled treatments at each site. All NT CN values were lower than their tilled counterpart. 
Excluding WS 191, average CN reduction was 5 and 10.6 points when λ=0.2 and λ=0.05, 
respectively. Using experimentally determined CN’s for each watershed, runoff was modeled and 
compared to observed values and modeling efficiencies were determined. Different methods used to 
reduce handbook tilled CN’s for NT were investigated and it was determined that using the Rawls et 
al. (1980) residue CN reduction and reducing tilled handbook CN’s by 6.2 points were the best 
methods to adjust CN’s for NT.  Finally, it was determined that using λ=0.05 in the CN equation 
produces better model results than using λ=0.2.  
Another study was conducted to develop land use coefficients that can be used to adjust 
reference hydraulic conductivities for tilled and NT operations that model infiltration and runoff using 
the Green-Ampt equation. Runoff hydrographs and rainfall hyetographs were used from tilled and NT 
sites in Nebraska and at the NAEW near Coshocton, OH to determine Ke. CL values were determined 
for tilled and NT using different Kref values determined for each watershed from six different 
methods.  The resultant CL values were used to model runoff at the watersheds and separate 
watersheds in Lancaster County, NE. An evaluation was conducted on the models to determine the 
accuracy of the CL method. Using ROSETTA, WEPP, and HSG to determine Kref resulted in the most 
accurate models. HSG was the most accurate. Except for WS 191, the CL method performed well on 
the NAEW sites, but performed poorly at all the Nebraska sites except Fillmore NT. However, 
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ROSETTA, WEPP, and HSG accurately modeled runoff in two NT watersheds in Lancaster County, 
NE. Overall it was determined that NT sites have a CL 3-4 times higher than tilled sites, resulting in 
less runoff and more infiltration. 
Results using the CL method were compared to results using the CN method on the same 
sites. The CN method performed better in all aspects, but using ROSETTA and HSG as Kref with the 
CL method outperformed the CN methods at two NT watersheds in Lancaster County, NE. Another 
method was investigated that uses CN to estimate Ke. This method adequately modeled runoff for NT 
sites.   
Overall, NT conditions can significantly reduce CN and result in land-use coefficients that 
adjusts reference hydraulic conductivities to higher values when compared to tilled conditions. NT is 
a land management practice that can be used to reduce runoff depths. 
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CHAPTER 5 APPENDIX A: S PROBABILITY DISTRIBUTIONS FOR EACH SITE 
PDS probability distributions were plotted for each site. Annual Series and PDS data were also 
plotted to determine a relationship between annual series and PDS. Both were plotted for λ=0.2 and 
λ=0.05. 
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5.1 PDS Distribution λ=0.2 
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Phelps Tilled PDS Distribution =0.2 
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LRS Tilled PDS Distribution =0.2 
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NAEW WS 123 PDS Distribution =0.2 
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NAEW WS 118 PDS Distribution =0.2 
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5.2 PDS and Annual Series Distribution λ=0.2 
NAEW WS 123 PDS and Annual Distribution =0.2 
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NAEW WS 118 PDS and Annual Distribution =0.2 
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Edwardsville PDS and Annual Distribution =0.2 
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Hastings PDS and Annual Distribution =0.2 
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Lafayette PDS and Annual Distribution =0.2 
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Treynor PDS and Annual Distribution =0.2 
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5.3 PDS Distribution λ=0.05 
Fillmore Tilled PDS Distribution =0.05 
F' (%)
2 5 10 20 30 50 70 80 90 95 98
S
 (
m
m
)
1
10
100
1000
 
 
 
 
 
Fillmore NT PDS Distribution =0.05 
F' (%)
2 5 10 20 30 50 70 80 90 95 98
S
 (
m
m
)
1
10
100
1000
 
 
 
118 
 
   
 
 
Phelps Tilled PDS Distribution =0.05
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LRS Tilled PDS Distribution =0.05
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NAEW WS 123 PDS Distribution =0.05
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NAEW WS 118 PDS Distribution =0.05 
F' (%)
0.2 0.5 1 2 5 10 20 30 50 70 80 90 95 98 99 99.8
S
 (
m
m
)
1
10
100
1000
 
 
 
 
 
NAEW WS 191 PDS Distribution =0.05 
F' (%)
1 2 5 10 20 30 50 70 80 90 95 98 99
S
 (
m
m
)
1
10
100
1000
10000
 
 
  
122 
 
   
5.4 PDS and Annual Series Distribution λ=0.05 
NAEW WS 123 PDS and Annual Distribution =0.05 
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NAEW WS 118 PDS and Annual Distribution =0.05
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Edwardsville PDS and Annual Distribution =0.05
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Lafayette PDS and Annual Distribution =0.05 
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CHAPTER 6 APPENDIX B: STATISTICAL ANLAYSIS 
6.1 S Log-normality λ=0.2 
Normality Test (Shapiro-Wilk) Monday, July 07, 2014, 2:10:56 PM 
 
Data source: Phelps County in S Log Normality.JNB 
 
Tilled Ln S:  W-Statistic = 0.975    P  = 0.345  Passed 
NT Ln S:  W-Statistic = 0.848    P  = 0.002  Failed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
 
Normality Test (Shapiro-Wilk) Monday, July 07, 2014, 2:11:15 PM 
 
Data source: Fillmore County in S Log Normality.JNB 
 
Tilled LN S:  W-Statistic = 0.950    P  = 0.487  Passed 
NT LN S:  W-Statistic = 0.898    P  = 0.149  Passed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
 
Normality Test (Shapiro-Wilk) Monday, July 07, 2014, 2:11:27 PM 
 
Data source: NAEW in S Log Normality.JNB 
 
WS 123 LN S:  W-Statistic = 0.983    P  = 0.246  Passed 
WS 113 LN S:  W-Statistic = 0.989    P  = 0.961  Passed 
WS 118 LN S:  W-Statistic = 0.983    P  = 0.493  Passed 
WS 191 LN S:  W-Statistic = 0.926    P  = 0.081  Passed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
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Normality Test (Shapiro-Wilk) Monday, July 07, 2014, 2:11:45 PM 
 
Data source: LRS in S Log Normality.JNB 
 
Tilled LN S:  W-Statistic = 0.970    P  = 0.408  Passed 
NT LN S:  W-Statistic = 0.980    P  = 0.721  Passed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
 
6.2 S Significant Differences λ=0.2 
t-test Monday, July 07, 2014, 2:19:46 PM 
 
Data source: Phelps County in CN Difference using STD.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Phelps Tilled 52 0 3.627 0.643 0.0892  
Phelps NT 23 0 4.100 0.643 0.134  
 
Difference -0.473 
 
t = -2.934  with 73 degrees of freedom. (P = 0.004) 
 
95 percent confidence interval for difference of means: -0.794 to -0.152 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = 0.004). 
 
Power of performed test with alpha = 0.050: 0.790 
 
 
t-test Monday, July 07, 2014, 2:20:02 PM 
 
Data source: Fillmore County in CN Difference using STD.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Fillmore Tilled 16 0 4.218 0.643 0.161  
Fillmore NT 12 0 4.385 0.643 0.186  
 
Difference -0.166 
 
t = -0.676  with 26 degrees of freedom. (P = 0.505) 
 
95 percent confidence interval for difference of means: -0.671 to 0.339 
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The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference between the 
input groups (P = 0.505). 
 
Power of performed test with alpha = 0.050: 0.050 
 
The power of the performed test (0.050) is below the desired power of 0.800. 
Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative 
results should be interpreted cautiously. 
One Way Analysis of Variance Monday, July 07, 2014, 2:20:33 PM 
 
Data source: NAEW in CN Difference using STD.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
WS 123 85 0 4.182 0.643 0.0698  
WS 113 41 0 4.486 0.643 0.100  
WS 118 69 0 4.351 0.643 0.0775  
WS 191 21 0 5.357 0.643 0.140  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 3 23.718 7.906 19.095 <0.001  
Residual 212 87.774 0.414    
Total 215 111.492     
 
The differences in the mean values among the treatment groups are greater than would be expected by chance; 
there is a statistically significant difference  (P = <0.001). 
 
Power of performed test with alpha = 0.050: 1.000 
 
 
Multiple Comparisons versus Control Group (Holm-Sidak method): 
Overall significance level = 0.05 
 
Comparisons for factor:  
Comparison Diff of Means t Unadjusted P Critical Level Significant?  
WS 123 vs. WS 191 1.175 7.492 <0.001 0.017 Yes  
WS 123 vs. WS 113 0.304 2.486 0.014 0.025 Yes  
WS 123 vs. WS 118 0.169 1.625 0.106 0.050 No  
 
t-test Monday, July 07, 2014, 2:20:51 PM 
 
Data source: LRS in CN Difference using STD.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Row 1 37 0 4.119 0.643 0.106  
Row 2 37 0 4.522 0.643 0.106  
 
Difference -0.403 
 
t = -2.693  with 72 degrees of freedom. (P = 0.009) 
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95 percent confidence interval for difference of means: -0.701 to -0.105 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = 0.009). 
 
Power of performed test with alpha = 0.050: 0.699 
 
6.3 S Log-normality λ=0.05 
 
Normality Test (Shapiro-Wilk) Monday, July 07, 2014, 2:50:11 PM 
 
Data source: Phelps County in CN Normaility Lambda_0.05.JNB 
 
Tilled S:  W-Statistic = 0.977    P  = 0.405  Passed 
NT S:  W-Statistic = 0.867    P  = 0.006  Failed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
 
 
Normality Test (Shapiro-Wilk) Monday, July 07, 2014, 2:50:46 PM 
 
Data source: Fillmore County in CN Normaility Lambda_0.05.JNB 
 
Tilled S:  W-Statistic = 0.935    P  = 0.296  Passed 
NT S:  W-Statistic = 0.888    P  = 0.110  Passed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
 
 
Normality Test (Shapiro-Wilk) Monday, July 07, 2014, 2:51:20 PM 
 
Data source: NAEW in CN Normaility Lambda_0.05.JNB 
 
WS 123:  W-Statistic = 0.985    P  = 0.322  Passed 
WS 113:  W-Statistic = 0.992    P  = 0.990  Passed 
WS 118:  W-Statistic = 0.967    P  = 0.061  Passed 
WS 191:  W-Statistic = 0.912    P  = 0.039  Failed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
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Normality Test (Shapiro-Wilk) Monday, July 07, 2014, 2:51:59 PM 
 
Data source: LRS in CN Normaility Lambda_0.05.JNB 
 
Tilled S:  W-Statistic = 0.963    P  = 0.259  Passed 
NT S:  W-Statistic = 0.968    P  = 0.356  Passed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
6.4 S Significant Differences λ=0.05 
t-test Monday, July 07, 2014, 2:54:05 PM 
 
Data source: Phelps in S Lambda_0.05 Difference using STD.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Phelps Tilled 52 0 3.959 0.643 0.0892  
Phelps NT 23 0 4.568 0.643 0.134  
 
Difference -0.609 
 
t = -3.780  with 73 degrees of freedom. (P = <0.001) 
 
95 percent confidence interval for difference of means: -0.930 to -0.288 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
Power of performed test with alpha = 0.050: 0.964 
 
 
t-test Monday, July 07, 2014, 2:54:23 PM 
 
Data source: Fillmore in S Lambda_0.05 Difference using STD.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Fillmore Tilled 16 0 4.732 0.643 0.161  
Fillmore NT 12 0 4.971 0.643 0.186  
 
Difference -0.238 
 
t = -0.969  with 26 degrees of freedom. (P = 0.341) 
 
95 percent confidence interval for difference of means: -0.743 to 0.267 
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The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference between the 
input groups (P = 0.341). 
 
Power of performed test with alpha = 0.050: 0.050 
 
The power of the performed test (0.050) is below the desired power of 0.800. 
Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative 
results should be interpreted cautiously. 
One Way Analysis of Variance Monday, July 07, 2014, 2:54:43 PM 
 
Data source: NAEW in S Lambda_0.05 Difference using STD.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
WS 123 85 0 4.600 0.643 0.0698  
WS 113 41 0 5.140 0.643 0.100  
WS 118 69 0 5.048 0.643 0.0775  
WS 191 21 0 6.361 0.643 0.140  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 3 53.396 17.799 42.989 <0.001  
Residual 212 87.774 0.414    
Total 215 141.170     
 
The differences in the mean values among the treatment groups are greater than would be expected by chance; 
there is a statistically significant difference  (P = <0.001). 
 
Power of performed test with alpha = 0.050: 1.000 
 
 
Multiple Comparisons versus Control Group (Holm-Sidak method): 
Overall significance level = 0.05 
 
Comparisons for factor:  
Comparison Diff of Means t Unadjusted P Critical Level Significant?  
WS 123 vs. WS 191 1.761 11.230 <0.001 0.017 Yes  
WS 123 vs. WS 113 0.540 4.415 <0.001 0.025 Yes  
WS 123 vs. WS 118 0.448   4.295    <0.001           0.050  Yes 
 
t-test Monday, July 07, 2014, 2:54:58 PM 
 
Data source: LRS in S Lambda_0.05 Difference using STD.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
LRS Tilled 37 0 4.608 0.643 0.106  
LRS NT 37 0 5.296 0.643 0.106  
 
Difference -0.688 
 
t = -4.602  with 72 degrees of freedom. (P = <0.001) 
 
95 percent confidence interval for difference of means: -0.987 to -0.390 
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The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
Power of performed test with alpha = 0.050: 0.997 
 
 
 
6.5 Ke Log-normality 
Results for Ke 
 
Normality Test (Shapiro-Wilk) Wednesday, June 18, 2014, 9:48:18 AM 
 
Data source: Fillmore in Ln Ke Difference.JNB 
 
Tilled:  W-Statistic = 0.842    P  = 0.013  Failed 
NT:  W-Statistic = 0.931    P  = 0.392  Passed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
 
 
Normality Test (Shapiro-Wilk) Wednesday, June 18, 2014, 9:48:37 AM 
 
Data source: Phelps in Ln Ke Difference.JNB 
 
Tilled:  W-Statistic = 0.955    P  = 0.070  Passed 
NT:  W-Statistic = 0.905    P  = 0.096  Passed 
 
A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
 
 
Normality Test (Shapiro-Wilk) Wednesday, June 18, 2014, 9:48:51 AM 
 
Data source: NAEW in Ln Ke Difference.JNB 
 
WS 123:  W-Statistic = 0.961    P  = 0.013  Failed 
WS 113:  W-Statistic = 0.963    P  = 0.257  Passed 
WS 118:  W-Statistic = 0.989    P  = 0.879  Passed 
WS 191:  W-Statistic = 0.926    P  = 0.113  Passed 
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A test that fails indicates that the data varies significantly from the pattern expected if the data was drawn from 
a population with a normal distribution. 
A test that passes indicates that the data matches the pattern expected if the data was drawn from a population 
with a normal distribution. 
 
 
 
6.6 Ke Significant Differences 
 
t-test Wednesday, June 04, 2014, 8:35:27 AM 
 
Data source: Fillmore in Ln Ke Difference.JNB 
 
Normality Test: Passed (P = 0.075) 
 
Equal Variance Test: Passed (P = 0.247) 
 
Group Name  N  Missing Mean Std Dev SEM  
Tilled 15 0 0.836 0.856 0.221  
NT 12 0 1.238 1.361 0.393  
 
Difference -0.401 
 
t = -0.936  with 25 degrees of freedom. (P = 0.358) 
 
95 percent confidence interval for difference of means: -1.284 to 0.482 
 
The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference between the 
input groups (P = 0.358). 
 
Power of performed test with alpha = 0.050: 0.050 
 
The power of the performed test (0.050) is below the desired power of 0.800. 
Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative 
results should be interpreted cautiously. 
 
t-test Wednesday, June 04, 2014, 8:36:32 AM 
 
Data source: Phelps in Ln Ke Difference.JNB 
 
Normality Test: Failed (P < 0.050) 
 
 
Test execution ended by user request, Rank Sum Test begun 
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Mann-Whitney Rank Sum Test Wednesday, June 04, 2014, 8:36:32 AM 
 
Data source: Phelps in Ke Difference.JNB 
 
Group N  Missing  Median    25%      75%     
Tilled 47 0 0.770 -0.783 2.387  
NT 16 0 2.969 2.114 3.894  
 
Mann-Whitney U Statistic= 174.500 
 
T = 713.500  n(small)= 16  n(big)= 47  (P = 0.002) 
 
The difference in the median values between the two groups is greater than would be expected by chance; there 
is a statistically significant difference  (P = 0.002) 
 
 
One Way Analysis of Variance Wednesday, June 04, 2014, 8:46:59 AM 
 
Data source: NAEW in Ln Ke Difference.JNB 
 
Normality Test: Passed (P = 0.095) 
 
Equal Variance Test: Failed (P < 0.050) 
 
 
Test execution ended by user request, ANOVA on Ranks begun 
 
Kruskal-Wallis One Way Analysis of Variance on Ranks Wednesday, June 04, 2014, 8:46:59 AM 
 
Data source: NAEW in Ke Difference.JNB 
 
Group N  Missing  Median    25%      75%     
WS 123 84 0 -1.188 -2.932 -0.162  
WS 113 36 0 0.239 -1.192 1.114  
WS 118 61 0 0.0159 -1.066 0.853  
WS 191 21 0 2.240 1.662 2.947  
 
H = 72.831 with 3 degrees of freedom.  (P = <0.001) 
 
The differences in the median values among the treatment groups are greater than would be expected by chance; 
there is a statistically significant difference  (P = <0.001) 
 
To isolate the group or groups that differ from the others use a multiple comparison procedure. 
 
 
Multiple Comparisons versus Control Group (Dunn's Method) : 
 
Comparison Diff of Ranks Q P<0.05   
WS 191 vs WS 123 115.423 8.093 Yes   
WS 113 vs WS 123 48.627 4.176 Yes   
WS 118 vs WS 123 42.875 4.360 Yes   
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Note: The multiple comparisons on ranks do not include an adjustment for ties. 
 
6.6 CL Significant Differences 
 
t-test Sunday, July 06, 2014, 4:07:43 PM 
 
Data source: WSS in Geometric Mean Difference.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Tilled 146 0 -3.413 2.240 0.185  
Nt 125 0 -2.150 1.376 0.123  
 
Difference -1.263 
 
t = -5.477  with 269 degrees of freedom. (P = <0.001) 
 
95 percent confidence interval for difference of means: -1.716 to -0.809 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
Power of performed test with alpha = 0.050: 1.000 
t-test Sunday, July 06, 2014, 4:08:10 PM 
 
Data source: The SWC Tool in Geometric Mean Difference.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Tilled 146 0 -1.636 2.240 0.185  
NT 125 0 -0.624 1.376 0.123  
 
Difference -1.012 
 
t = -4.391  with 269 degrees of freedom. (P = <0.001) 
 
95 percent confidence interval for difference of means: -1.466 to -0.558 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
Power of performed test with alpha = 0.050: 0.995 
 
 
t-test Sunday, July 06, 2014, 4:08:30 PM 
 
Data source: ROSETTA in Geometric Mean Difference.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
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Tilled 146 0 -1.695 2.240 0.185  
NT 125 0 -0.314 1.376 0.123  
 
Difference -1.381 
 
t = -5.992  with 269 degrees of freedom. (P = <0.001) 
 
95 percent confidence interval for difference of means: -1.835 to -0.928 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
Power of performed test with alpha = 0.050: 1.000 
 
t-test Sunday, July 06, 2014, 4:08:45 PM 
 
Data source: WEPP in Geometric Mean Difference.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Tilled 146 0 0.121 2.240 0.185  
NT 125 0 1.247 1.376 0.123  
 
Difference -1.126 
 
t = -4.886  with 269 degrees of freedom. (P = <0.001) 
 
95 percent confidence interval for difference of means: -1.580 to -0.672 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
Power of performed test with alpha = 0.050: 0.999 
 
t-test Sunday, July 06, 2014, 4:09:01 PM 
 
Data source: Tabular in Geometric Mean Difference.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Tilled 146 0 -1.598 2.240 0.185  
NT 125 0 -0.432 1.376 0.123  
 
Difference -1.166 
 
t = -5.058  with 269 degrees of freedom. (P = <0.001) 
 
95 percent confidence interval for difference of means: -1.620 to -0.712 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
Power of performed test with alpha = 0.050: 1.000 
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t-test Sunday, July 06, 2014, 4:07:23 PM 
 
Data source: WSS in Geometric Mean Difference.JNB 
 
Group Name  N  Missing Mean Std Dev SEM  
Tilled 146 0 -1.605 2.240 0.185  
NT 125 0 -0.276 1.376 0.123  
 
Difference -1.329 
 
t = -5.765  with 269 degrees of freedom. (P = <0.001) 
 
95 percent confidence interval for difference of means: -1.783 to -0.875 
 
The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
Power of performed test with alpha = 0.050: 1.000 
 
 
6.7 CL Interaction Test 
 
Two Way Analysis of Variance Sunday, July 06, 2014, 4:23:07 PM 
 
Data source: Data 1 in Interaction.JNB 
 
General Linear Model 
 
Dependent Variable: CL  
 
Normality Test: Failed (P < 0.050) 
 
Equal Variance Test: Passed (P = 0.111) 
 
Source of Variation  DF   SS   MS    F    P   
Tillage 1 171.850 171.850 50.665 <0.001  
Site 1 231.187 231.187 68.158 <0.001  
Tillage x Site 1 3.110 3.110 0.917 0.339  
Residual 287 973.479 3.392    
Total 290 1371.361 4.729    
 
 
The difference in the mean values among the different levels of Tillage is greater than would be expected by 
chance after allowing for effects of differences in Site.  There is a statistically significant difference (P = 
<0.001).  To isolate which group(s) differ from the others use a multiple comparison procedure. 
 
The difference in the mean values among the different levels of Site is greater than would be expected by 
chance after allowing for effects of differences in Tillage.  There is a statistically significant difference (P = 
<0.001).  To isolate which group(s) differ from the others use a multiple comparison procedure. 
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The effect of different levels of Tillage does not depend on what level of Site is present.  There is not a 
statistically significant interaction between Tillage and Site.  (P = 0.339) 
 
Power of performed test with alpha = 0.0500:  for Tillage : 1.000 
Power of performed test with alpha = 0.0500:  for Site : 1.000 
Power of performed test with alpha = 0.0500:  for Tillage x Site : 0.0500 
 
Least square means for Tillage :  
Group Mean SEM  
Tilled -3.912 0.154 
NT -2.149 0.194 
 
 
Least square means for Site :  
Group Mean SEM  
Nebraska -2.009 0.210  
NAEW -4.053 0.132  
 
 
Least square means for Tillage x Site :  
Group Mean SEM  
Tilled x Nebraska -2.771 0.234  
Tilled x NAEW -5.052 0.201  
NT x Nebraska -1.246 0.348  
NT x NAEW -3.053 0.170  
 
 
 
All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 
Overall significance level = 0.05 
 
Comparisons for factor: Tillage 
Comparison Diff of Means t Unadjusted P Critical Level Significant?  
NT vs. Tilled 1.762 7.118 <0.001 0.050 Yes  
 
 
Comparisons for factor: Site 
Comparison Diff of Means t Unadjusted P Critical Level Significant?  
Nebraska vs. NAEW 2.044 8.256 <0.001 0.050 Yes 
 
